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Introduction 


A dvances in technology make life easier and 
more comfortable —/and far more complex. Where 
once a homemaker bound straw together for a broom 
and discarded it when it became worn to a stub, to¬ 
day's homemaker depends upon the vagaries of electrical 
supply and vacuum cleaner or electric broom components. 
Where once a family went down the road to a quilting bee or 
square dance or community play-reading for entertainment, 
today's family relies on the intricacies of an automobile or the 
equally mysterious workings of radio, television, and stereo. 
Where once a fireplace or wood-stoked oven met the cooking 
and baking requirements of a family, today's kitchens are 
furnished with an electric or gas range and one or more 
appliances from a list that includes toasters, rotisseries, 
blenders, mixers, roaster ovens, electric can openers, waffle 
irons, and electric coffee pots. And for cleaning up afterward, 
a dishwasher and a garbage disposer or trash compactor are 
standard items in many kitchens. 

No more do we scrub clothes at a river bank — or even on a 
washboard at the sink: at the push of a button a clothes 
washer does the job, and a dryer replaces the clothes line. 
Bicycles are more common than scooters; refrigerators and 
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freezers occupy the space where the old ice box stood; 
electric blankets serve where feather comforters once lay; 
electric and gas mowers have supplanted the scythe and hand 
mowers; and carpentry has become a brand new skill with 
power tools of all kinds. 

And we have conquered the weather with home and auto air 
conditioning. 

In other words, almost all aspects of modern life depend to 
some degree on electric energy, gears, wheels, switches, 
knobs, buttons, cords, and wires. All of which are far more 
complicated than the basic objects they replace. 

It would be easy for a homemaker to become entirely 
dependent upon the army of technicians and service person¬ 
nel trained to repair the hundreds of products we use 
throughout the year. But that would be an expensive proposi¬ 
tion, and a frustrating one, with making telephone calls, 
waiting for the technician to arrive, trying to understand what 
the fee represents, and attempting to figure out how to 
prevent future problems, future frustrations, and future bills. 

There is no need for such dependence. Most electrical and 
mechanical products are designed on basic principles which, 
once learned, can be applied to many problems once thought 
far too complicated for home repair. These principles are 
repeated again and again. A thermostat switch, for example, 
is basically the same whether found in an electric blanket, a 
toaster, a steam iron, or a room heater. Once you understand 
the working of a switch, and the way it is wired in the 
appliance, it becomes a simple matter to check it (is there a 
loose connection? is a wire broken? have the points become 
bent so they do not move properly?) and repair or replace it on 
most appliances. 

That is the purpose of this issue of CONSUMER GUIDE 
Magazine. It is unlikely that any magazine or book will make 
you an instant expert in every electrical and mechanical field, 
but the information and diagrams in the following chapters 
should help you in several important ways. 

You will learn the basic "How it Works" for the most 
familiar appliances, tools, and other products in your home 
and garage. This information is not written for the profes¬ 
sional; it is for the average homemaker with a smattering of 
knowledge of electricity and gear operation, but with no 
background on how various components are fitted together 
and work together to produce a desired end — such as an iron 
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hot enough to press clothes or a spray arm spinning soapy 
water to wash dishes clean. The description, together with 
the diagram (or diagrams), will give you that background and 
allow you to go to the next step. 

With the knowledge of "How it Works" at your fingertips, 
you also have information on maintaining your equipment. 
CONSUMER GUIDE Magazine provides detailed instructions 
on what to do, and what not to do, to preserve the smooth 
functioning of each product and to prevent unnecessary repair 
bills. Maintenance is more than half the secret of long, 
trouble-free service, no matter what products you own. 

Once you know "How it Works," you can define many 
problems. Some will be beyond you, either because they are 
based on principles and techniques too complex for anyone 
but those especially trained to handle them, others because 
they are located in areas too dangerous for you to explore 
(such as the picture tube of a television set). Many problems, 
however, are easily defined and easily solved once you 
understand your appliance. 

When you have defined the problem, and checked to make 
sure it is one you can handle, this issue of CONSUMER 
GUIDE Magazine points to the solution: reconnection of 
wires, replacement of a switch, installing a new power cord, 
and so on. Where you should call an electrical or a 
professional service person, the text tells you to do so; there 
is no pretense here that everything can be done at home. But 
in this respect, too, the information in these chapters will be 
of help — even though you cannot make a specific repair 
yourself, you will be able to talk to the technician about the 
problem and understand what you should (and should not) be 
billed for. 

With this issue of CONSUMER GUIDE Magazine, you will 
no longer be completely dependent upon technicians and 
service personnel. You will save significant amounts of 
money — service calls are among the highest-priced items in 
most homeowners' budgets. You will eliminate the frustration 
of waiting for someone to come and fix an item that you feel 
instinctively should be easy enough for a novice to handle 
with just a little more knowledge than you have. 

The knowledge now is yours. Use it carefully and wisely; 
call for professional help when you know a problem is too 
serious for you to handle alone; and you and your equipment 
will both have longer, happier lives. 
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Typesof 
Motors 


OF THE MANY different kinds of electric motors that exist, 
these five types are commonly used in electrical appliances. 

• the shaded pole motor 

• the universal motor 

• the split phase motor 

• the miniature DC motor 

• the synchronous clock motor 

Figure 1 illustrates these motors and lists the appropriate 
appliances for each. 

The part of a motor that rotates is called the rotor. The 
stationary part is called the stator, and contains field coils 
consisting of many turns of wire. End bells on each end of the 
motor hold the bearings on which the rotor shaft turns. 
Permanently lubricated bearings are used in virtually all 
present-day electrical appliance motors. 

The Shaded Pole Motor 

THE QUIET-RUNNING, economical shaded pole motor is 
found in appliances where the power requirements are not 
great. In the room heater, for instance, all the shaded pole 
motor does is spin the small fan blade that blows warm air 
out. In the can opener, a train of gears reduces the cutting 
speed to a small fraction of the shaded pole motor speed and 
thereby produces just enough power to cut out the top of the 
can. 

Household power is delivered to a single field coil at the 
base of the shaded pole motor. Up near the rotor, two other 
coils, each of a single complete loop, are imbedded in the 
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motor. These are the "shading” coils. The placement of the 
shading coils determines the direction that the rotor turns. 
Unlike some others, the shaded pole motor cannot be 
reversed by switching. In fact, the only way to reverse the 
shaded pole motor is to take it apart and turn the rotor end-to- 
end, then reassemble it. Now the rotor sticks out the other 
end of the motor, and even though it still rotates in the same 
direction as before, the object it drives will be rotated in the 
opposite direction. 

It is difficult to damage a shaded pole motor except by 
deliberate abuse. Even when the rotor cannot turn — for 
example, vyhen the appliance is jammed — current through 
the field coil will not do any harm. Overloading may stop the 
motor from turning, but will cause no electrical damage to the 
motor windings. 

The Universal Motor 

IF IT HAS brushes, turns at a high speed, and whines while 
running — you know it is a universal motor. 

At one time, in some locations, one part of a community 
would have 11 0-volts AC, while another part would have 
1 10-volts DC. The motor that worked on either AC or DC was 
called "universal," and that style of motor still carries the 
name. 

The rotor in a universal motor is called an armature. It 
contains several windings, all connected to a cylinder made of 
copper segments — the commutator. In a universal motor with 
two brushes, the brushes are located on opposite sides of the 
commutator. The brushes have only one purpose — to carry 
current into and out of the armature coils. 

Also, in the universal motor, there are field windings in the 
stator. Generally the motor is hooked up so that current enters 
one field coil, goes through the armature by way of the 
brushes, then flows out through the other field coil. Reversing 
the wires connected to the brushes reverses the direction of 
motor rotation. 

When running free, the universal motor goes at a very high 
speed — several thousand revolutions per minute. However, 
at this high speed it has its least power. Putting a load on the 
motor slows it down, but it turns with more power. The 
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electric drill is a good example: with a tiny bit, it turns full 
speed; with the largest bit it can hold, drilling through tough 
metal, the drill slows considerably, but bites in harder, and 
keeps going. 

In appliances where speed control is a must, such as a 
mixer or blender, the universal motor is used. It is almost 
impossible to vary the speed of any other appliance motor 
continuously, but with the universal motor it is easy. Coils are 
switched in and out; resistors are switched in and out; 
rheostats are used to vary speed by varying resistances; and a 
governor-type speed controller is quite popular. 

More recently, speed control by solid state devices has 
cropped up in electrical appliances. Solid state speed control 
offers full power in both the high and low speed ranges. One 
of its most successful applications has been in sewing 
machines. 

The Split Phase Motor 

THIS IS the big motor used on washing machines and dryers, 
food waste disposers, and dishwashers. In its stator there are 
two windings, each with four coils. One is the starting 
winding, the other is the running winding. As its name 
implies, the starting winding is needed and used only to get 
the motor going, then it is switched out of the circuit 
automatically. The motor continues to run on the running 
winding only. 

Although it does not look like it, the rotor contains a 
"winding." It is imbedded in the steel cylinder that is the 
rotor. No brushes or wires carry current to this winding, but 
current flows in it nevertheless, "induced" by the magnetic 
fields while the motor is running. 

This "workhorse" of appliance motors is ordinarily used in 
1/6, 1/4, 1/3 and 1/2-horsepower sizes. It has a fairly 
constant speed — generally 1725 revolutions per minute — 
and is moderately quiet in operation. Reversing the wires to 
the starting winding reverses the direction of rotation. This 
reversing can be done by a switch that allows either direction 
of rotation to be selected. 

The motor in hermetically-sealed refrigeration compressors 
is a split phase type. Where extra high starting power (torque) 
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is needed, a capacitor is connected in the starting winding. 

The Miniature DC Motor 

LIKE THE UNIVERSAL motor, the little battery-operated motor 
has a wound armature and brushes. The field contains no 
coils; its magnetism is obtained from strong cylindrically- 
shaped permanent magnets. Current from the batteries goes 
directly into the armature to produce rotation. 

While not exceptionally strong, these little motors have 
amazing power for their small size: witness the cordless 
electric knife cutting through a ham. 

The miniature DC motor can be reversed, simply by 
reversing the wires to the brushes. 


The Clock Motor 

BECAUSE it "locks in" with the 60-cycle frequency of the 
power line, the motor used in electric clocks is called a 
synchronous motor. Its constant speed causes electric clocks 
to stay on time for months or even years. 

They are not very powerful — after all, it does not take 
much to turn the hands on a clock, or flip the cards on a digital 
clock. By the same token, they use very little current. To 
operate an electric clock puts only a few pennies on the 
electric bill. 

The built-in reduction gears and accurate timing make these 
motors ideal for use in operating the kind of timers found on 
washing machines and dishwashers. Usually the timer switch 
set is built so that a standard clock motor can be readily 
attached. 

These motors are exquisitely built, but not made to be 
repaired. Being made in quantities, they are - relatively in¬ 
expensive. When the clock motor stops running, repair 
consists of replacing it. 

Where the Motors are Found 

ON THE following pages are illustrations of each of the five 
types of motors described in this chapter, with a listing of 
the general application of the motor. 
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TYPE USED IN 


SHADED-POLE MOTOR 

• quiet operation 

• for low-power appliances 


Heating appliances with a 
blower, such as 

• room heaters 

• hair dryers 
Electric fans 
Can openers 

Movie projectors, slide pro¬ 
jectors, tape recorders, rec¬ 
ord players 



UNIVERSAL MOTOR 

• very high speed 

} • lots of power for its size 

•noisy, due to brush whine 

• good for speed control 


Electric tools: drill, saw, 
sander, hedge trimmer 
Vacuum cleaners 
Mixers and blenders 
Floor polishers 
Range hood exhaust fans 
Bathroom exhaust fans 


CONSUMER GUIDE 


13 





Types of Motors 



jype used in 

SPLIT PHASE MOTOR 

• heavy duty motor Washing machine 

• quiet operation Dishwasher 

• used in major appliances Food waste disposer 

Clothes dryers 
Furnace blowers 
Ceiling exhaust fan 
Hermetically sealed com¬ 
pressors 
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TYPE 

MINIATURE DC MOTOR 

• tor cordless appliances 

• operates on battery current 

• powerful for small size 


Types of Motors 

USED IN 

Cordless appliances, includ¬ 
ing: 

Shaver 

Grass trimmer 
Knife 

Toothbrush 

Portable record players and 
tape recorders 



CLOCK MOTOR 

• speed synchronized with 
power line 60 cycle fre¬ 
quency 

• negligible power 


Timers (range, washing ma¬ 
chine, dryer, dishwasher) 
Electric clocks ~ digital and 
pointer 
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Contiimltii 

Tester 

A lthough the appliance technician has available 
a variety of quality test instruments, he often bases 
his initial diagnosis of trouble on the indications of 
a very simple homemade "instrument" — a conti¬ 
nuity tester commonly called a test lamp. It is a simple 
device, quick and easy to use, but some basic knowledge is 
necessary to use the test lamp properly and safely. 

Figure 1 shows you how to make a test lamp. The pigtail 
socket and 2-prong plug can be bought at most hardware 
stores. You may have to go to a radio parts shop to get the 
test prods. Fasten the bare end of the black pigtail wire under 
the screw on one prong of the plug. Strip apart the two wires 
in a 3-foot length of lamp cord, and remove the insulation 
from the ends. Fasten one of the wires under the remaining 
screw on the plug; connect a test prod to its other end. Using 
a "wirenut," attach the other wire to the remaining pigtail; 
connect a test prod to the other end. Your test lamp is now 
complete. 

Now, before you ever try it out, BE AWARE THAT IN USE 
THE TEST PROD TIPS ARE "HOT" HANDLE THE PRODS 
ONLY BY THE PLASTIC SLEEVES. NEVER TOUCH THE 
METAL TIPS. IF YOU DO TOUCH THE TIPS, THE SHOCK 
CAN BE FATAL. 

Screw a small (10-watt or 25-watt) lamp into the socket. 
Then, handling the tester with the respect due a "hot" 
electrical device, plug it into a receptacle. Next, while holding 
the prods by the plastic sleeves, touch the tips together and 
observe that the light turns on. 

Touching the test prod tips together completes the circuit 
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— or, putting it another way, provides the circuit continuity — 
to make the light go on. Continuity to make the light go on 
also can be obtained by completing the circuit through the 
wiring in an appliance. As suggested by Figure 1, touching 
the test prods to the leads of an electric motor will turn on the 
light, if there is a complete circuit within the motor. This is 
the continuity check that is so basic to troubleshooting. There 
follow some test lamp indications and what they mean 
regarding the condition of the appliance. IN ALL CASES, THE 
APPLIANCE IS NOT PLUGGED IN; ONLY THE TEST LAMP IS 
PLUGGED IN. 

To Test a Switch 

TOUCH THE test prods to the prongs on the plug of an 
electrical appliance. Trip the appliance switch off and on. If 
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the appliance and the switch are OK, the test lamp should turn 
off and on as the switch is tripped. This method tests the 
switch without dismantling the appliance. 

To Test a Thermostat 

WITH THE APPLIANCE disassembled, touch the test prods to 
the wires going to the contacts on the thermostat switch. If 
the switch is making good contact, the light will go on. 
Manipulate the thermostat knob or lever that changes the 
temperature setting. When the switch contacts are seen to 
open, the light should go out; when closed, the light turns on. 

To Test a Heating Element 

TOUCH THE TEST prods to the end leads of the element. If 
the element is ''burned-out" — that is, open circuited so that 
there is no continuity through it — the light will not go on. If 
the element is OK the light goes on. If the heating element 
under test has a high resistance (a hot pad, for instance) the 
lamp may glow only dimly. That's OK, there is not much 
current getting through that high resistance and the lamp 
shows it. However, if you have put a high wattage lamp in 
your tester — 7 5-watt or 100-watt —- it might not glow at all. 
That is why you were told to use a low wattage lamp in your 
tester; it makes it a more sensitive indicator of continuity. 

To Test The Brushes In a Universal Motor 

WITH THE APPLIANCE cover removed for servicing, dis¬ 
connect the motor lead wires from the remainder of the 
circuit. (Tag where they went so you will be able to put them 
back in the right place. The drawing shows one way to tag 
wires. Number the other wires they connect to in the same 
way.) Touch the test prods to the motor wires. The lamp 
should light. Now, slowly revolve the motor shaft by hand. If 
the brushes are bad, the lamp will flicker noticeably and even 
remain off for some part of a shaft rotation. Good brushes 
making good contact will cause little if any flickering of the 
test lamp. 
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To Test For Grounds 

TOUCH ONE TEST prod to the frame of the appliance, the 
other test prod to the appliance cord (run the prod end through 
the little holes in the plug so as to touch both at the same 
time). If the test lamp glows, the appliance has a fault ground. 

The safety ground (green wire in a 3-wire cord) can be 
tested the same way. Touch one prod to the appliance frame, 
the other to the pin on the 3-wire plug. The lamp should go on 
to indicate that the safety ground wire is continuous from plug 
pin to appliance frame. 

To Test a Solenoid Coil 

BE SURE to have a low wattage bulb in the test lamp; a high 
wattage bulb might give a false indication. Disassemble the 
appliance far enough to allow access to the solenoid wires. 
Disconnect the solenoid from the remainder of the circuit and 
tag the wires. Touch the test prods to the solenoid coil lead 
wires. No light means an open-circuited coil — perhaps a 
broken wire. If the coil is good, the lamp will glow. 

Test the field coil in a motor the same way. 

To Test An Appliance Cord 

ON APPLIANCES where the cord is constantly flexed (like a 
vacuum cleaner) the cord can develop a break in one of the 
wires. When that happens, the appliance turns on and off 
erratically while being used. To test the cord, remove it from 
the appliance. Twist together the wires at the end of the cord 
removed from the appliance. Touch a test prod to each of the 
plug prongs. The light should go on. Then wiggle the cord in 
sections along its length. If, at some spot, the light flickers off 
and on when you bend the cord in a certain way, you have 
found the site of the break in the wire. Discard the defective 
cord. Replace it with a new one. 

ONE MORE POINT in connection with the tester. It is possible 
to get test prods with little clips on the ends. These clips 
make it easy to fasten the test prod to a wire, leaving a hand 
free for other servicing actions. 
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Thermostatic 

Controls 


T he primary purpose of many electrical appli¬ 
ances is to produce heat. Examples are the electric 
iron, space heater, range, toaster and waffle iron. In 
all cases where heat is produced, electricity is 
changed to heat by running the current through a nickel- 
chromium alloy resistance wire — the Nichrome heating 
element. The amount of heat produced is stated as the 
wattage of the element — the higher the wattage, the more 
the heat. For instance, a 1000-watt element pours out twice 
as much heat as a 500-watt element. 

If the wattage of the heating element is known, its 
resistance in ohms can be calculated. And, of course, it 
follows that if the resistance is known, the wattage can be 
calculated. The electric iron will do as an example. Suppose 
the nameplate says that when used on 120-volts the iron 
produces heat at the rate of 1000 watts. To calculate the 
resistance, divide the wattage into the voltage squared: 

-WATTAGE- = • • lW = ohms of resistance 


To figure the other way, if the resistance is known to be 12 
ohms, when plugged into 120-volts the iron wattage is 
calculated as: 


VOLTAGE SQUARED _ 120 x 120 
RESISTANCE ” 12 


1200 watts 


These two examples make another point. If, on 120 
volts, a 14.4 ohm element produces 1000 watts and a 
12 ohm element produces 1200 watts, then it is clear that 
lowering the resistance increases the wattage, and con- 
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sequently, the heat produced. Higher resistance for lower 
wattage elements is obtained by a long slender Nichrome 
element suitably coiled to fit in the available space in the 
appliance. The shorter element made of thicker wire has the 
low resistance and the heat-handling capacity needed for high 
wattage. 

For convenience of use, it is desirable to be able to select 
and to change the heat produced by an appliance. Still using 
the electric iron as an example, you, as the user, want an iron 
that heats up quickly (high wattage) and then can be adjusted 
to various ironing temperatures. To change the wattage by 
adjusting the resistance is possible, but very inconvenient. 
Another way is used; it is called cycling. 

If the current to the element is repeatedly turned on and 
turned off, the heat ultimately given off will depend on the 
length of on time compared to the length of o/Ztime. An iron 
that is on for a second and off for a minute will scarcely get 
warm. Changing the cycle so that the iron is on for a minute 
and off for a second means it will get hot almost to its total 
wattage rating. These are extremes, used just for purpose of 
explanation; somewhere in between is the useful cycling on 
and off times. The cycling principle is used in many ways. In 
heating your home, for example, adjusting the way the 
furnace cycles on and off determines how warm the house 
will get. 

Thermostat Heat Sensing 

THE MOST POPULAR way of obtaining heat cycling is by use 
of the heat-sensitive switch called the thermostat. Although it 
comes in many shapes and forms, all thermostats contain 
switch contacts and a heat sensing device. Let's talk about 
the typical thermostat heat sensing device. 

A familiar principle is used in the heat sensor. It is: when 
metals get hot they expand; when they cool, metals contract 
or shrink. Nothing new about that. But not all metals expand 
and contract to the same extent. Aluminum, for example, 
expands farther than steel for the same temperature increase. 
Now suppose that identical-size strips of two unlike metals 
are actually fused together, face to face, in one solid piece 
(called a bimetallic strip), what happens to the strip when it is 
heated or cooled? On heating, the one material will try to 
expand more than the other. But since the two metals are 
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inseparably bound together, the strip curves; the metal on the 
outside of the curve has succeeded in expanding more than 
the metal on the inside. And, on cooling, the bimetallic strip 
uncurves. If chilled, the bimetallic piece will again curve, but 
in the other direction. 

Now, let us fasten one end of the bimetallic strip to some 
part of the appliance — say, for example, near the heating 
element in an electric iron — and leave the other end free to 
move. Iron heat will cause the strip to curve and the free end 
will move. Let us further design the free end, in moving, to 
open and close electrical contacts carrying current to the iron. 
The iron heats; the strip bends; the contacts open. The iron 
cools, the strip unbends; the contacts close. This is thermo¬ 
static cycling. 

An external knob changes the distance between the bimetal 
end and the switch contacts . . . thereby adjusting the length 
of on and o//parts of the cycle . . . thereby changing the heat 
setting of the appliance. 


THERMOSTAT 
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Bimetallic element thermostats are used in many appli¬ 
ances. A partial list includes; 

room heaters 
air conditioners 
cooking utensils 
refrigerators 
toasters 

electric blankets 
coffee makers 
electric ranges 
clothes dryers 
dry and steam irons 

It is a rare occurrence for the bimetallic part of a thermostat 
to go bad. If a thermostat becomes defective, almost invariably 
the trouble is in the switch part. Contacts either "weld" 
together due to arcing from overload current, and then the 
thermostat will not "open;" or the contacts become pitted 
and fail to make a satisfactory electrical contact, in which case 
the thermostat will not "close." 

In very sensitive thermostats, like the kind used to control 
furnace heat, the bimetal is a long, slender strip curled into a 
coil. A very slight temperature change — just a few degrees 
— separates the turn-on and turn-off points. By comparison, 
in an electric iron the rugged but less sensitive thermostat 
may stay "on" until the temperature of the appliance drops 
10 to 20 degrees before cycling to "off." 

One thing more about the thermostat. It does not control 
the heat produced by the heating element while the element 
is on. But by cycling, the thermostat controls the average heat 
over a period of time that is apparent at the working end of the 
appliance. 
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A lmost everyone knows that the household elec¬ 
trical system that powers our electrical appliances is 
grounded. But what does grounding mean and how 
does it affect us as users of appliances? 

In the wall behind the receptacle, two wires feed power to 
the prongs of the appliance cord — one covered with white 
insulation, the other with black. The white is the grounded, 
the black is the "hot" wire. Somewhere in the building, the 
white wire is connected to a metal conductor that is imbedded 
in the earth, thus the name ''grounded." One popular way is 
to jumper (attach) the white-wire circuit to a water pipe — 
never a gas pipe — that comes in from underground. The 
same black and white color scheme is carried into some 
appliance cords. 

The word "grounded" is also used in a different sense. In 
some appliances, a conductor goes from the ground end of 
the circuit to the metal frame of the appliance. The frame is 
grounded. 

"Grounded" is used in still another way. When — due to 
some defect, fault or damage — a part of the circuitry inside 
an appliance is no longer protected by insulation, and a bare 
conductor touches the appliance frame or shell, an uninten¬ 
tional, or "fault" ground occurs. It is the fault ground that can 
be hazardous to you when you are using the appliance. 

"Fault Ground" 

THE TYPE OF ground that concerns us here is the type 
described above, caused by an insulation defect in an 
appliance. When you touch the appliance frame, a "fault 
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If you use a 3-prong to 2-prong adapter, be sure to fasten the 
adapter short wire lug firmly under the screw on the receptacle 
cover plate. 


ground" occurs — and it is this that is potentially hazardous. 

Here is an example of what can happen. Imagine that you 
are working in the basement, standing on a damp concrete 
floor, wearing old and worn work shoes, while using an 
electric drill. And, suppose the drill has a fault ground say 
at the end of the coil where the arrow in Figure 1 points. (In 
the drawing, for purposes of illustration, all the wires and 
windings are shown lumped together as a single coil.) 

If the cord is plugged^n so that the wire going to the fault 
ground end of the drill wiring is the grounded (white wire) 
end, nothing happens. The drill operates normally, and 
nobody knows the difference. 

But if the plug is pulled out of the receptacle, rotated 
through a half circle, and again plugged in, this connects the 
fault ground to the black "hot" wire. More important, you, 
too, are in touch with the hot wire through the fault ground. 
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Current can and does go through you, through your elec- 
trically-leaky shoes, and through the wet floor right into the 
earth. The resulting shock causes your muscles to tighten, 
making you grip the drill all the tighter. It can be fatal. 

Of course, the fault ground does not have to be at one or 
the other end of the internal circuit. A fault anywhere in the 
internal circuit can cause a fatal shock. 

You will notice that recent advertising for appliances, 
especially electrical tools, uses the term “double insulated." 
The good insulating property of plastic housings and shells is 
being taken advantage of to help prevent shocks due to fault 
grounds. 

Many of the appliances that are operated where the user 
might be in contact with the earth, such as power tools, lawn 
mowers, and hedge trimmers, have a 3-wire cord, and the 
plug on the end of the cord has two prongs and a pin. The 
third wire, usually covered with a green-colored insulation, 
goes from the pin on the plug to a screw in the frame of the 
appliance. 

In the 3-wire receptacle, the hole for the plug pin connects 
to a wire that is deliberately grounded. Thus the green wire, 
acting as a “safety" ground, electrically connects the frame 
of the appliance to the earth. Now, if a fault ground should 
occur, the safety ground wire “shorts out" the fault ground, 
causing a fuse to blow, or a circuit breaker to trip, before the 
fault can give you a shock. 

For safety's sake, do not ever do anything to circumvent the 
grounding provisions in an appliance. And, if you use the 
adapter that allows the 3-prong plug to be used in a 2-prong 
receptacle, be sure to fasten the adapter short wire lug under 
the screw on the receptacle cover plate as illustrated in Figure 
2 . 

Repair 

TO REPAIR a fault ground, the appliance must be dis¬ 
assembled, electrically tested, and the windings must be 
either replaced or rewound — obviously a task for the 
experienced technician. If the, appliance is relatively in¬ 
expensive, buying a new one might be wiser than having the 
defective one repaired. 
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Conditioners 



H OMEANDAUTOairconditionersoperateonthe same prin¬ 
ciple as the electric refrigerator. The main difference is the 
way the principle is applied: the refrigerator cools a food- 
storage compartment, the air conditioner cools a living 

space. 

The underlying principle of electrical refrigeration is the fact 
that evaporation is a cooling process. You can notice the cooling 
effect when stepping out of a swimming pool into a breeze. 

Evaporation is the process of changing a fluid into a vapor. 
The 'Maw'' which applies is that when a fluid changes to a vapor 
it absorbs heat; conversely, when changing back into a fluid, the 
vaporgives offbeat. The fluid is called a refrigerant; in refrigera¬ 
tion jargon, the refrigerant absorbs heat in evaporating; in 
condensing, the refrigerant expels heat. 

In the air conditioner, the refrigerant fluid is totally contained 
inside the unit, and is repeatedly evaporated and condensed in 
parts of the system naturally called the evaporator and the con¬ 
denser. Most air conditioners contain a refrigerant fluid called 
Freon, either Freon number 1 2 or Freon number 22. Both are 
specially compounded fluids that evaporate and condense at 
temperatures and pressures ideally suited for air conditioner 
use. (Actually Freon is the registered trade name of re¬ 
frigerant made by a well-known chemical firm, but techni¬ 
cians use the name for the refrigerant fluid regardless of 
who makes it.) 

In evaporating and condensing, the refrigerant goes 
through what is called a vapor cycle. Here is how the vapor 
cycle is accomplished. 

An electric motor operates a compressor. The compressor 
pulls in refrigerant (as vapor) from the evaporator, pump- 
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ing it into the condenser and applying pressure. Being un¬ 
der pressure, the refrigerant in the condenser tends to change 
into a liquid, but first must lose heat. A fan blows air 
through the condenser "radiator” coils, taking away heat 
and allowing the refrigerant to condense into a liquid un¬ 
der pressure. 

From the pressurized space inside the condenser coils, the 
liquid refrigerant seeps through a small opening into the evap¬ 
orator, which is also a serpentine coil with cooling fins. 
The "small opening" is provided either by a part called an 
expansion valve, or by a long, slender, copper tube called a 
capillary tube. 

Because the compressor has been pulling refrigerant out, 
the evaporator becomes a low-pressure space. Liquid re¬ 
frigerant seeping into the evaporator can and does expand 
and evaporate—actually it boils. But in evaporating, the re¬ 
frigerant absorbs heat—remember, evaporation is a cool¬ 
ing process. A fan blows air through the evaporator coils; 
the air is cooled. This is the "conditioned" air that keeps 
your house or car comfortable in the hot summer weather. 

Another thing happens. As warm air is cooled by being 
blown through the evaporator coil, some of its moisture 
is wrung out. The humidity of the air is lowered. In other 
words, simultaneously the conditioned air is cooled and 
dried, both operations adding to your summertime comfort. 

The moisture pulled out of the air condenses on the cool 
evaporator coil, drips off and is carried away by a drain 
tube. (Perhaps you have felt it drop on your head while 
walking under a window unit.) 

When the air in the room has cooled down to the tempera¬ 
ture you have set on the thermostat knob, the switch in the 
thermostat turns off the compressor motor and the two blow¬ 
er motors, and the refrigerant stops circulating through the 
system. 

There must be a separation, or wall, between the hot 
condenser coil and the cool evaporator coil to keep the 
evaporator from being heated by the condenser heat. 
With central air conditioning, the evaporator is inside the 
building, the condenser outside. With a window unit, a 
barrier separates the evaporator (room side) from the 
condenser (outside). In your car, the evaporator is under¬ 
neath the instrument panel and the condenser is under the 
hood. 
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AIR CONDITIONER DIAGRAM 
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Control Panel 
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Room Air Intake 
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Filter 

Outdoor Air Intake 
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Air Circulating Fan 
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In your home air conditioner, the compressor and its 
drive motor both are sealed in what looks like a big black 
can—the so-called hermetically sealed unit. You cannot 
get inside it for any repairs. In your car, the compressor 
is driven by a belt from the auto engine. 

Your home air conditioner contains as many as three 
motors; the split phase or capacitor motor in the hermeti¬ 
cally-sealed unit, a motor for the condenser fan, and a motor 
for the evaporator fan. These are often shaded pole motors. 
Central air units with the evaporator in the furnace plenum 
use the furnace blower as the evaporator fan. 

In your car with factory-installed air conditioning, the 
engine drives the compressor; the radiator fan cools the 
condenser coil, and the fan that blows heat in the winter 
blows cool air from the evaporator in the summer. 
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Troubleshooting Auto Air Conditioners 

A PROFESSIONAL serviceman with special tools and 
expert knowledge will be needed to locate and repair 
problems in auto air conditioners. However, many times 
what seems to be an air conditioner problem is really 
caused by something else in the car's system. Being 
aware of these other causes could save you unnecessary 
bills. 

Automobile air conditioner problems are almost always 
either a failure to turn on or poor cooling. Causes of a 
failure to operate (other than failure of parts of the 
system) include a blown fuse, bad switch, loose electrical 
connection, or a broken wire. 

Lack of cool air may be caused by an improper setting 
on the air' conditioner controls, an obstruction in the duct, 
a loose wire, a malfunction of the blower fan, or a loose 

drive belt. ^ . 

Most if not all of these problem areas can be corrected 

by the owner or an auto mechanic at a local service station. 
However, if these possibilities have been investigated and 
the problem remains, the following should be done by a 
serviceman: 

To correct an insufficient cool air condition, check the 
system for refrigerant leaks. Repair leaks and recharge 
the system with refrigerant. Or, check the receiver-dryer. 
If this unit is clogged, discharge the system, install a new 
receiver-dryer, vacuum it thoroughly, and recharge the 
system with refrigerant. 

To correct all other problems, make a thorough check 
of all parts, particularly the expansion valve and compressor. 

Maintaining Home Air Conditioners 

CLEANLINESS is the rule. You must pay a small price for 
your bonus of filtered air. You no longer breathe dirt 
because the air conditioner has trapped it before it can 
get into your home; however, it can do real damage to the 
unit if you ignore it. The dirt particles clog the air condi¬ 
tioner coils, making the unit work harder and far less ef¬ 
ficiently. Dirt also increases the chance of major problems, 
as well as running up the cost of running the unit. 

The small cost you must pay is keeping the filter 
clean. In a room air conditioner, this must be done frequent¬ 
ly. A dirty filter prevents the warm air from flowing over 
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the evaporator coils where the liquid refrigerant is circulat¬ 
ing. If the first step in the cooling process cannot take 
place, none of the other steps will follow. 

There are two kinds of filters. One is a permanent 
(that is, reusable) filter made of a tough, spongy 
material that traps dirt and dust particles. It can be 
washed in soap and water, rinsed, squeezed dry, and rein¬ 
stalled. The other kind is made of fiberglass that also 
traps dust and dirt, but cannot be cleaned. When this 
kind becomes clogged, it should be thrown out and replaced 
with a new one. 

The inside of room air conditioners should be cleaned 
out once a year. With one model, this presents little 
problem. This is the model that enables you to slide "the 
works'' out as you would pull open a drawer. Everything is 
within reach. Other models are rougher to handle, because 
the only way to reach all the components is to remove the 
unit from the window or wall and open it up. 

Once you have found the way to reach the components, 
use the brush attachment of your vacuum cleaner to clean 
the condenser and evaporator coils (see the diagram of the 
air conditioner). If your vacuum cleaner has a blower, you 
can blow the dust and dirt from hard-to-reach places, 
though this has obvious disadvantages; vacuuming up is 
much neater. 

For other parts, including the compressor, fan motor, 
fan blades, and the tubing running throughout the unit, use a 
quick-evaporating cleaning solvent, available in hardware 
stores (tell the salesperson what you want it for). You 
may find it under the generic name trichloroethylene. 

If your air conditioner had to be removed from the 
window or wall opening for cleaning, take special care 
with the way you reinstall it. Tilt it toward the outside at 
an angle of 1 / 8 to 1 /4 inch. This angle will permit condensa¬ 
tion to drain off. 

During your once-a-year cleaning of the inside of your 
unit, check the outside case for signs of rust. If you find 
any, scrape them off with a small knife and touch up the 
area with a good quality metal primer and paint. If ignored, 
the rust spots will become larger and ultimately eat through 
the unit. 

How to Repair Room Air Conditioners 


THERE IS NOT much the average homeowner can do to 
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repair a malfunctioning room air conditioner. In most 
cases, special tools and training in refrigeration repair 
are necessary. CONSUMER GUIDE Magazine lists the fol¬ 
lowing troubleshooting charts for owners who have some 
experience with air conditioners, and for those who want to 
know what a professional serviceman is talking about, recom¬ 
mending, and charging for. 


PROBLEMS, CAUSES, REPAIRS 


Problem: Unit will not run 


Possible Causes 

1. Blown fuse or tripped 
circuit breaker 


2. Broken or loose 
power cord 


3. Defective thermostat 


4. Defective starter ca¬ 
pacitor 


Repairs 

1. Replace fuse with one 
of correct rating, or reset 
circuit breaker. If fuse 
blows or circuit breaker 
trips again, do not op¬ 
erate unit. An electric 
failure exists that may 
start a fire. Call an elec¬ 
trician. 

2. First spread the prongs 
of the power cord plug, 
reinsert into wall outlet, 
and try the unit. If this 
fails, check the service 
cord over its entire length 
for breaks and for a 
loose connection at the 
control switch end. Re¬ 
pair with electrician's 
tape. 

3. Check thermostat for 
continuity. Replace bro¬ 
ken wires; refasten if a 
wire has worked loose. 

4. Remove starter capaci¬ 
tor and replace with new 
one. 


CONSUMER GUIDE 


33 


Air Conditioners 


Problem: Unit does not cool 


Repairs 


Possible Causes 

1. Thermostat not prop¬ 
erly set 

2. Dirty filter 

3. Condenser coil dirty 


4. Compressor not run¬ 
ning 


5. Refrigerant leak 


6. Unit too small for 
load imposed 


1. Set thermostat to a 
lower temperature to 
provide more cooling. 

2. Replace or clean filter 

3. Blow or vacuum dirt 
from condenser with 
brush attachment of va¬ 
cuum cleaner. 

4. Check for a defective 
thermostat, bad run ca¬ 
pacitor, an open over¬ 
load switch, and broken 
or loose wiring. Finally, 
perform a compressor 
test. 

5. Check unit's tubes and 
components for leaks. 
Repair and recharge. 

6. If unit is undersized, 
it will not adequately 
cool a room. Substitute 
a proper size unit. 


Problem: Air conditioner operates, but fan does not 


Possible Causes 

1. Defective fan switch 


2. Defective fan capaci¬ 
tor 

3. Defective fan motor 
winding 


Repairs 

1. Check switch for con¬ 
tinuity (broken or loose 
wires). 

2. Replace capacitor. 

3. Check each winding 
of the motor for conti¬ 
nuity. 
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Problem; Unit switches on and off in short cycles 


Possible Causes 

1. Lack of good con¬ 
tact between evaporator 
inlet and thermostatic 
expansion valve bulb. 

2. Dirty condenser coil 

3. Defective condenser or 
fan motor 


4. Defective overload 
switch 


5. Unit restarted too 
soon after being stopped 


Repairs 

1. Make sure evaporator 
is not blocked by dirt or 
anything else. The thermo¬ 
static expansion valve 
bulb must be touching the 
evaporator inlet pipe. 

2. Blow or vacuum dirt 
from condenser with a 
vacuum cleaner. 

3. Check operation. If 
motor stalls when it be¬ 
comes hot, be sure bear¬ 
ings are not binding. If 
the bearings are in order, 
the problem is with the 
motor; it must be replaced. 

4. Lack of CQntinuity 
across overload switch 
terminals indicates the 
need for a new switch. 

5. An air conditioner 
turned on too soon after 
it was stopped may cause 
a blown fuse or short 
cycling. Allow at least 
five minutes of idle time 
before restarting a unit 
that was just halted. 
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D ishwashers are essentially simple appliances. 
They take in hot water, through a valve, for a speci¬ 
fic period of time. Then one or more spray arms 
are spun by a motor so that they spray water over 
dirty dishes. The water dissolves detergent that has been held 
in a special dispenser; after the dishes are washed for a 
specific period of time, the water is pumped from the 
dishwasher, carrying with it all the food that has been left on 
the dishes and silverware. 

This sequence usually occurs twice during a wash cycle, 
followed by a hot rinse cycle. The final step is a drying phase, 
accomplished by means of a heating element. 

To the more technically minded, this brief description may 
seem an oversimplification. A more detailed description of a 
typical dishwasher washing cycle includes these steps: 

1. Some dishwashers begin the cycle by pumping out water 
that may have entered the unit as dishes were being loaded. 
This phase is very brief. 

2. The machine is filled with hot water by means of a 
solenoid-controlled water valve (see Figure 1). Solenoid 
control means that, in effect, the operation of the water valve 
is controlled by electric current. When current is allowed to 
go to the valve, the valve opens and hot water enters the 
dishwasher. When current is turned off, the valve closes and 
the flow of hot water ceases. 

The component that controls the solenoid (and controls all 
phases of dishwasher operation) is an electrically-operated 
automatic timer driven by a motor similar to the one in an 
electric clock. As each interval passes, the timer switches 
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control the dishwasher motor, solenoid valve, detergent 
dispenser, pump, and heating element. In this way, various 
operations occur in sequence, (see Figure 2) 

3. When hot water enters the dishwasher, it mixes with the 
detergent that you have poured into its dispenser. The 
dispenser has either an electrically-operated or mechanically- 
operated cover that opens at the proper time, permitting the 
detergent to be washed out of the dispenser and mixed with 
hot water. 

4. At the end of the "fill" phase, water and detergent are 
sprayed over the dirty dishes. The spray arm (or arms — there 
may be more than one) is similar to a lawn sprinkler. Water 
and detergent are forced through the spinning spray arm by a 
pump operated by a split-phase motor and are ejected out 
with driving force to cascade over dirty dishes. The driving 
force of the water removes food particles while the heat of 
the water sanitizes the dishes and silverware. This washing 
action continues for a specific length of time. 

5. Dirty water is pumped out of the dishwasher. Most units 
have a pump that does this; in those that do not, water drains 
out by gravity. The pump is either a small separate unit, or it 
is part of the main motor. If the latter, a set of contacts on the 
timer causes the motor to reverse itself, which activates 
impellers that pump water out. 

At the start of the pumping phase the automatic timer sends 
an electric "message" to another solenoid that causes the 
drain valve to open. These actions must be simultaneous so 
that the water can drain out as it is pumped. 

6. The unit is filled with water again, followed by spraying 
of dishes with the clean water. This is generally referred to as 
the rinse phase. The only difference between the wash phase 
and the rinse phase is that washing is done with detergent, 
rinsing without. 

7. The final phase is drying. This phase consumes one-third 
to one-half of the total cycle time. Drying is done by an 
electrically operated heating element that evaporates mois¬ 
ture from the dishes. 

Most dishwashers are capable of performing more than one 
cycle, which you select by pushing a button or by rotating the 
timer dial. These other cycles are nothing more than one or 
more phases of the total wash cycle, arranged to suit 
purposes other than total wash. 
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For example, a rinse and hold cycle uses no detergent. It 
allows you to rinse dishes only, without drying them. This 
cycle is useful when a dishwasher is partly filled with greasy 
dishes or with dishes that have food particles which could 
create offensive odors if allowed to stand or which could dry 
and harden to the point where the unit's spray could not wash 
them off. 

When Purchasing a Dishwasher 

WHEN SELECTING a dishwasher, there are four basic types 
from which you may choose: top^opening portable, front¬ 
opening portable, built-in, and under-sink built-in. 

A portable dishwasher requires no installation and is ready 
to go to work as soon as you snap its hoses to the kitchen 
faucet and plug its electric cord into a wall socket. You can 
roll the dishwasher on its casters for loading and unloading at 
the table and you can push the unit out of the way when it is 
not in use. A portable is probably the most practical 
dishwasher for families living in rented houses, apartments, 
and second homes. 

Features to consider when looking at portable models are 
the following; 

• A power cord of convenient length with a three-prong 
grounding plug for safety. 

• A power cord storage housing in the form of either an 
automatic reel that winds the cord into the dishwasher cabinet 
ora manual storage facility. 

• A handle that permits easy movement of the appliance. 

• Casters that allow the dishwasher to be rolled easily. 

• Proper height if you want to store the dishwasher beneath 
a counter. 

• A provision for raising water temperature if the water 
supply is below 1 40® F. 

Top-Loading Portables 

THE TOP-LOADING portable model takes up the least amount 
of space when it is being loaded and unloaded since you need 
no extra space in front to lower the door. However, other 
factors are involved. Using a top-loader requires bending to 
reach down inside the appliance. The top rack thus assumes a 
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new importance. 

Some top racks lift up and out of the way as the dishwasher 
cover is raised, allowing access to the bottom. Another type 
of rack folds up out of the way. This gives access to the 
bottom, but the rack must be loaded last and unloaded first. 

Generally, the loading capacity of top-loading portable 
models is less than front-opening models. 

Front-Opening Portables 

FRONT-OPENING portable models are basically the same as 
built-in models, except for the addition of a top and casters. 
Also they must be plugged in to a wall outlet and their hoses 
snapped to faucets in the kitchen sink. 

Most front-opening portables are designed for conversion to 
a built-in when a family moves to a more spacious home or 
when a kitchen is remodeled. A decision to purchase a front¬ 
opening portable, therefore, should be based at least partly on 
whether you ever plan to convert it to a built-in. 

One feature to look for when selecting a front-loader is 
stability. The dishwasher must remain stable without rocking 
or tipping when full racks are pulled out for unloading. 'Also 
check the construction of the door hinges; they must bear the 
weight of the door for many years without giving way. A word 
of caution: never lean or kneel on the door; it is not meant to 
support you. 

Built-In Dishwashers 

BUILT-IN dishwashers offer the most convenience. Once one 
is installed, you can operate the unit without having to 
connect it to water and electrical sources, or disconnect it 
when you are not using it. 

Built-in models are also the quietest. Surrounding cabinets 
help to muffle the sound of water action. In addition, a built-in 
gives a kitchen a unified appearance. You can usually order a 
front panel for the unit in the same wood as your cabinets. 

Because a built-in dishwasher is permanently connected, its 
convenience features are used more frequently than a 
portable's. Rather than rolling the portable unit to the sink and 
hooking it up, most owners do their own rinsing, heating of 
plates, and so on, but a built-in will do this for them. 
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Features to look for in selecting a built-in dishwasher 
include; 1 

• Racks that pull out all the way, so back sections are easily ^ 

reached. , 

• An automatic cycle that rinses partial loads and resets the * 
timer for a regular wash cycle. 

• A special scrubbing cycle for pots and pans. 

• A special gentle cycle for fragile china and crystal. 

Under-the-Sink Units 

UNDER-THE-SINK dishwashers are designed for small kitch¬ 
ens with minimum cabinet space. Usually, the dishwasher, 
sink top, bowl, faucets and cabinet come as a one-piece unit. 
The dishwasher's upper rack is reduced in size to allow for 
installation. Therefore, capacity of the unit is smaller than 
other models. 

Dishwasher Tips 

THE FOLLOWING list suggests ways for you to use your 
dishwasher to attain more efficient and better performance, to 
prolong the appliance's life, and to help you avoid unneces¬ 
sary service calls and repair bills: 

• Successful dishwasher operation depends upon this min¬ 
imum requirement: a water supply that flows at a rate of at 
least 2 to 2.5 gallons per minute at a pressure of at least 1 5 
pounds per square inch and at a temperature of at least 140° F. 

• See to it that your dishwasher works at full capacity 
whenever possible. A partial load of dishes uses as much hot 
water and electricity, and puts the same strain on a dish¬ 
washer, as a half load. You save money and preserve the unit 
by running it only when it is full. 

• Use your dishwasher; it actually conserves hot water and 
saves energy. Studies reported by the General Public Utilities 
Corporation show that the average dishwasher uses between 
11 and 16 gallons of hot water to wash a full load, while 
washing a comparable number of dishes by hand requires 
from 27 to 52 gallons of hot water. 

• The temperature of the water that reaches a dishwasher 
should be 140° to 150° F. for best results. However, the 
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water temperature that reaches the dishwasher is not always 
the temperature at which you set your water heater thermo¬ 
stat. Water temperature is affected by the distance water must 
travel from the heater to the hot water outlet. The farther it 
travels, the greater will be the drop in temperature. 

Check the temperature of the hot water by turning on a hot 
water faucet in the sink closest to the dishwasher and testing 
with a thermometer. Readjust the water heater thermostat as 
necessary. Incidentally, you can conserve energy needed to 
heat water by wrapping hot-water lines with insulating 
material found in hardware stores. Insulation holds in the 
heat. 

• Scrape large food particles from dishes and empty glasses 
before placing them in a dishwasher. There is no need to pre¬ 
rinse dishes unless you will hold them all day before running 
the dishwasher. Otherwise, dishwasher action is sufficient to 
clean and sanitize dishes. If you feel more comfortable with 
pre-rinsing, then do so, but use cold water in order to 
conserve hot water. 

• Some dishwashers are equipped with filter screens; 
others are not. Check the owner's manual which came with 
the unit when it was new to determine in which category, 
yours falls. If yours has a filter screen, make sure that you 
clean it periodically to prevent food particles from being 
redeposited on dishes and to maintain the efficiency of the 
dishwasher. 

• Use only detergents specifically made for dishwashers. 
Products made for hand washing of dishes, for use in a 
laundry, or for general household cleaning, can impede 
dishwasher action or cause the unit to overflow, which will 
lead to damage. 

• Use only that amount of detergent the dishwasher actually 
needs. Read your owner's manual to find the proper amount. 
Excessive (or not enough) detergent will result in unsatisfac¬ 
tory washing. 

• Each dishwasher detergent differs somewhat in chemical 
formula, and therefore each may serve a particular water 
condition better than others. If you are not getting good 
results with your present detergent, give other brands a fair 
trial. You may find one better suited for your water conditions. 

• Never put dishwasher detergent into the dispenser until 
you are ready to wash dishes. Moisture that may be in the 


CONSUMER GUIDE 


41 


Dishwashers 


dispenser will cause detergent to cake and harden as it 
stands. Hardened detergent will fail to dissolve. 

• Frequently, using a rinse agent or additive in a dishwasher 
will help overcome the water spotting of dishes brought about 
by excessively hard water. Many dishwashers are equipped 
with separate dispensers that automatically eject a few drops 
of additive during the final rinse cycle. If your dishwasher 
does not have a dispenser, rinse additive in solid form that 
you can hang from the silverware basket is sold in food 
stores. If water is extremely hard, not even rinse additive will 
help. You should consider installation of a water softener. 

• When adding or removing dishes from a dishwasher while 
it is in the middle of a cycle, unlatch the door or lid and wait 
for water action to cease. Then, open the door or lid slightly 
and allow hot, moist air to escape. 

How to Repair a Dishwasher 

MOST TIMES, dishwasher problems are caused by care- 
lessness in washing rather than mechanical failure. Such 
things as improper stacking of dishes and using a weakened 
detergent result in poorly washed dishes. These problems, 
and causes and remedies, are outlined in the troubleshooting 
charts below. 

However, mechanical failures and repairs are also listed to 
make you aware of what might be wrong and actions that 
should be taken. Scan the chart before calling a serviceman. 
Some problems can be remedied by any homeowner. Home- 
owners with technical ability can solve more problems, but 
even if the action to take is not within your area of ability, at 
least you will have an idea of what a professional repairman 
should do. 

Caution: The combination of water and electricity makes a 
dishwasher a lethal appliance if extreme care is not taken. If 
you are working on a portable unit, be sure the power cord is 
disconnected from the wall outlet before doing work in an 
area where there is danger of contact with wiring. If the 
appliance is built-in, locate the fuse or circuit breaker that 
serves the unit, and remove the fuse or trip the circuit breaker 
before tackling repairs involved with electricity. 
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DISHWASHER DIAGRAM 
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PROBLEMS. CAUSES, REPAIR 


Problem: Spotting or film. 
Possible Cause 
1. Dishes improperly 
stacked 


2. Insufficient detergent 

3. Dishes not scraped 
adequately 


4. Water too cool 


5. Water too hard 


Repair 

1. Stack so there is space 
around dishes. Avoid clut¬ 
ter. Soiled sides of cups 
in top rack should face 
toward center of rack. 

2. Use full quantity speci¬ 
fied in instruction book. 

3. All large particles and 
"clinging" foods such as 
spinach, broccoli, etc. 
must be scraped. 

4. Check temperature of 
hot water at outlet. Ad¬ 
just if below 140® F. 

5. Use rinsing additive. In¬ 
stall water softener as last 
resort. 


Problem: Specks on dishes. 


Possible cause 
1. Caused by food 


2. Caused by detergent 


Repair 

1. Clean filter screen; 
stack dishes properly; use 
proper amount of deter¬ 
gent; see to it that wash 
arm rotation is not blocked 
by utensil or dish; be sure 
wash arm holes are not 
clogged by food particles. 

2. Discard old detergent; 
if detergent is fresh, do 
not let it stand in dis¬ 
penser— add just before 
washing. 


Problem: Black marks on china. 

Possible cause Repair 

1. Metal marks from 1. Soak china in mild de¬ 
knives or metal rims tergent. 
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Problem: Unit fails to fill. 
Possible cause 

1. Water valve partially or 
fully closed 

2. Water pressure too low 


3. Clogged water inlet 
screen or damaged water 
valve 


4. Defective water valve 
solenoid 


5. Faulty float switch 


Repair * 

1. Check water valve on 
line leading to dishwasher 
and open fully. 

2. Water pressure must 
be at least 1 5 pounds per 
square inch; call your local 
water company. 

3. Most water valves are 
equipped with screens to 
trap deposits. Disassem¬ 
ble and clean screen. If 
parts are heavily calcified, 
replace entire water inlet 
valve assembly. 

4. Turn timer dial to "Fill" 
and check solenoid with 
tester. If voltage exists at 
solenoid, but water valve 
is not opening though 
free, solenoid is defec¬ 
tive. Have repaired or re¬ 
placed. 

5. Some dishwashers are 
equipped with a float 
switch that controls the 
water valve. It will be in 
the tub. Test by picking 
up the float with your fin¬ 
ger and letting it drop. 
You should hear a "click" 
and the float arm should 
fall squarely on the float 
switch. If not, replace the 
float assembly. 


‘Water valve servicing — usually called for when a 
dishwasher refuses to fill — should be done by an ex¬ 
perienced technician with the proper tools. 
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Problem: Detergent dispenser cover stays closed. 
Possible cause Repair 


1. Detergent has hardened 
from being left in dispens¬ 
er too long or placed into 
a wet dispenser 


2. Dishes or utensils 
blocking dispenser cover 

3. Calcium deposits on lid 
or on shaft 

4. Defective detergent 
dispenser solenoid valve 

5. Defective timer 


1. Scrape out hardened 
detergent; add fresh. Dis¬ 
penser should be dry when 
detergent is added. Add 
detergent just prior to 
washing dishes. 

2. Position dishes and 
utensils so they do not 
block dispenser cover. 

3. Clean calcium deposits 
from around dispenser 
mechanism with vinegar. 

4. Test. Replace if defec¬ 
tive. 

5. Advance timer to posi¬ 
tion where detergent dis¬ 
penser cover should open. 
If cover fails to open, 
timer is probably defec¬ 
tive. Replace. 


Problem: Dishwasher leaks. 


Possible cause 

1. Loose or worn door 
gasket 

2. Broken door hinge 

3. Water inlet line fitting 
leaks or line is ruptured 

4. Defective motor seal 

5. Loose hose clamp 


Repair 

1. Gasket should not be 
torn or flattened, and 
should be positioned tight¬ 
ly around door. Replace if 
necessary. 

2. Replace. 

3. Tighten compression 
nut. If line is damaged, 
replace. 

4. If water leaks from 
around motor shaft, re¬ 
place seal. 

5. Check all hose clamps 
for tightness. 
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Problem: Dishwasher does not operate. 


Possible cause 

1. Door not closed and 
latched 

2. Cycle selection button 
not fully engaged 

3. Blown fuse or tripped 
circuit breaker 


4. Defective door switch 


5. Defective timer 


Problem: Refuses to turn 
Possible cause 
1. Defective timer 


2. Water inlet valve stuck 
open 

3. Clogged water inlet 
valve bleed hole 


Repair 

1. Door must be closed 
and latch locked. 

2. Depress button all the 
way. 

3. Replace bad fuse or re¬ 
set circuit breaker. If fuse 
blows or circuit breaker 
trips again, there is an 
electrical defect. Call a 
serviceman immediately. 
Do not operate appliance. 

4. Open door fully and 
close slowly (or press 
switch button if visible). 
You should hear a ''click.'' 
If not, door switch may be 
bad and should be re¬ 
placed. 

5. Turn timer dial by hand 
very slowly with door 
latched and Wash cycle 
button engaged. Timer 
should operate to turn ap¬ 
pliance on. If not, timer is 
probably defective. 

off 

Repair 

1. "Fill" phase should 
last about 60 seconds. If 
timer does not move off 
"Fill," it is probably de¬ 
fective and should be re¬ 
placed. 

2; Have service technician 
disassemble and clean 
valve or replace. 

3. Disassemble valve and 
clean out bleed hole. 
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4. Defective float switch 4. In those dishwashers 

equipped with a float, 
check switch for burned 
contacts. 

Problem: Dishwasher operates when door is open. 
Possible cause Repair 

1. Faulty door interlock 1. Replace, 

switch 

Problem: Dishes stay wet. 
Possible cause 

1. Water too cool 

Repair 

1. Check temperature of 
water at hot water outlet. 
Adjust if below 140®F. 

2. Dishes incorrectly 
stacked 

2. Stack so there is space 
around dishes. Avoid clut¬ 
ter and dishes resting 
against each other. 

3. Water does not drain 

3. See ''Fails to Drain" 
below. 

4. Calcium deposits on 
heater element 

4. Clean heater element. 

5. Loose connection at 
heater element 

5. Tighten or repair. 

6. Heater element burned 
out 

6. Replace. 

7. Inoperative fan motor 
(some models) 

7. Replace. 


Problem: Unit fails to drain. 


Possible cause 

1. Drain hose kinked or 
clogged 

2. Damaged or defective 
pump 


Repair 

1. Remove drain hose, 
straighten, make sure 
hose is not clogged, and 
reinstall. 

2. Remove and disassem¬ 
ble pump. Clean clogging 
material from around im¬ 
peller. If impeller has suf¬ 
fered damage, replace. 
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3. Stuck timer 


4. Defective pump motor 


3. If timer does not ad¬ 
vance by itself, it is prob¬ 
ably defective. Replace. 

4. Advance timer to 
"drain” phase. If motor 
hums, check impeller for 
obstructions. If impeller is 
free, pump motor wiring is 
probably defective. Re¬ 
place pump motor. 
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Figure 1. Washer Solenoid Water Valve 


Figure 2. Washer Timer 
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Disposers 


ARBAGE DISPOSAL begins with a flat plate called 
a flywheel that is spun around by a motor at the 
fantastic rate of speed of over 1700 revolutions 
per minute. This is equivalent to the speed of 
a car engine operating at almost 30 miles per hour. 

When you stuff garbage through the sink drain into the 
disposer's canister (technically called a hopper), it falls 
on to the flywheel (see the disposer diagram). Free¬ 
wheeling lugs called impellers (there are usually two) are 
attached to the flywheel. 

Free-wheeling? This means that the impellers are 
riveted to the flywheel so they are able to pivot as the 
flywheel rotates. 

All this rotary action, which begins when you turn on 
the disposer to start the motor, has one aim: to dash gar¬ 
bage against a ring of elements called a shredder. As gar¬ 
bage is thrown by the impellers against the shredder, it is 
pulverized by cutters into relatively tiny particles. These 
bits of garbage are now able to slip through discharge 
holes in the body of the disposer. They are flushed through 
the holes into the drain line that leads to the sewer. A 
constant stream of cold water from the sink faucet does 
the flushing. 

Classifying Garbage Disposers 

GARBAGE DISPOSERS are classified according to the way 
in which garbage is fed into the unit. There are two 
methods: continuous-feed and batch-feed. 

A continuous-feed garbage disposer allows you to deposit 
garbage into it as the appliance is running. This unit is 
turned on and off by a switch resembling an ordinary light 
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switch on the wall near the sink. This type of unit should 
not be stuffed full of garbage; only a little should be fed 

in at a time. . . , ^ t 

A batch-feed garbage disposer pulverizes one load ot 
garbage at a time. It operates only when the cover is 
placed over its opening and is turned to "lock" position. 
As soon as the cover is loosened, the unit shuts off. This 
type may be filled with garbage before it is turned on. 

You can tell the difference between a continuous-feed 
and a batch-feed unit by looking into the opening. The 
opening of a continuous-feed disposer is normally equip¬ 
ped with a rubber baffle. The steel cover of a batch-feed 
model is constructed so it can be turned to trip the on- 
off switch located in the mouth of the appliance. 

The cost of buying a batch-feed unit is somewhat more 
than that of a continuous-feed unit, but batch-feed units 
have advantages that make them worth your consideration, 
especially if you have youngsters in your home. Children 
have been known to stick their hands into operating con¬ 
tinuous-feed models. A batch-feed unit makes this irn- 
possible since it will not operate unless the cover is 
locked in place. . 

Garbage disposers are also classified according to their 
ability to perform work. Less expensive models usually 
have low-capacity motors of only 1/3 horsepower that are 
not powerful enough to grind heavy food wastes, such as 
melon rinds, fruit skin, and corncobs. Units in this group 
are also limited to the amount of garbage they can handle 
at one time—about one quart. 

More expensive models usually have heavy-duty 1/2- 
horsepower motors. They can grind heavy waste and 
handle up to two quarts of garbage at a time. Most also 
are equipped with extra features, such as noise reducing 
insulation and automatic unjamming. 

Automatic reversing (unjamming) occurs each time the 
disposer is operated. Each start of rotation accomplishes 
a switching action that results in reverse direction on the 
next start, therefore direction-of-rotation alternates each 
time the disposer is turned on. If your unit does not have 
this feature, unjamming must be done manually, as we will 
discuss below. 

Garbage Disposers and Septic Systems 

WHO SAID you cannot have a garbage disposer in your home 
if you have a septic system? Nonsense. 
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A garbage disposer that operates an average number of 
times a day uses about six gallons of water a day. This is 
the amount of water you would use in showering for 80 
seconds. 

According to the U.S. Public Health Service, you can use 
a garbage disposer without worry if your septic system 
falls within these limits: 

The absorption field of the average home septic system 
is able to handle 50 gallons of water per day per person. 

IMo. of Occupants in Home Minimum Size 


of Septic System 
750 gallons 
900 gallons 
1 000 gallons 
1250 gallons 


4 

6 

8 

10 


Taking Care of a Garbage Disposer 

THE LIFE of a garbage disposer can be extended many 
times over if the user observes the following simple pre¬ 
cautions: 

• Make sure that no forbidden waste material goes into 
the appliance. Not all disposers can grind the same kinds 
of waste; always consult the instruction manual which came 
with the unit when it was purchased. Most expensive models 
can dispose of bone, corncob and seafood shell, but some 
lightweight models will be damaged if forced into this 
heavy-duty work. 

• No disposer can shred metal objects such as bottle 
tops and cans, br glass, crockei^, rags, string, paper, 
cardboard, rubber, plastic, and cigarette filters. These 
materials will damage a disposer and clog the drain. 

• Cold water must run constantly into the disposer the 
entire time the appliance is turned on and running, and 
for several seconds after the appliance has been turned 
off. Cold water flushes garbage particles into the sewer 
line, keeping the disposer free and helping reduce the 
chance of odor. 

• Never allow hot water to run into a garbage disposer 
when it is operating. Hot water melts grease which will 
coat the sides of the drain pipe and eventually cause a stop¬ 
page. Cold water, on the other hand, causes grease to con¬ 
geal into tiny globules that will easily flow through the 
drain and into the sewer. 
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• On occasion, fill the sink with several inches of cold 
water and allow it to drain through the disposer and drain 
pipe all at once. This flushes the drain pipe of waste and 
detergent scum. It also eliminates from the disposer 
caustic chemicals found in some detergents. These chemi¬ 
cals in time may damage the appliance. 

• Never pour a chemical or solvent compound down the 
drain. It could damage the disposer. If a chemical drain 
cleaner is needed and the sink is a double-bowl unit, pour 
the chemical down the drain of the bowl not equipped with 
the garbage disposer. 

• Never allow food scraps to remain in the garbage dis¬ 
poser for too long a period. Waste that is permitted to 
stand will begin to smell. 

• If a dishwasher drains through the garbage disposer, 
run the disposer for several seconds and then turn it off 
before starting the dishwasher. This flushes away waste 
that may cause a backup of discharge water from the dish¬ 
washer. When the dishwasher has finished its cycle, run 
the disposer again for several seconds to flush away particles 
that may have been discharged into it by the dishwasher. 

• To prevent objects from accidentally dropping into the 
disposer, keep the cover in place when the unit is not 
operating. 


Repairs You Can Do Yourself 

OVERBURDENING the motor with big loads of heavy waste, 
or jamming the motor with certain kinds of foods, causes 
the electrical overload device in the disposer to trip, dis¬ 
connecting the electric power to the motor and thereby 
protecting it from damage. Pushing the red button on the 
side or bottom of the appliance after the overload has 
been removed, resets the overload device, allowing the 
disposer to be placed in operation again. This is seldom 
necessary in new, more expensive models equipped with 
automatic unjamming that reverses the direction of rota¬ 
tion each time the disposer is turned on. 

In units that do not have this feature, several methods 
may be tried. Some models have a reverse action switch 
usually located on the outside of the hopper, near the 
bottom of the unit. Flipping it once may release the jam. 

If a jam is stubborn and will not loosen with reverse 
action, or if your unit does not have such a switch, make 
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GARBAGE DISPOSER DIAGRAM 
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sure the appliance is turned off and try to pull out the object 
causing the jam with a pair of long-handled ice tongs. 

Some disposers are equipped with an opening in the 
bottom that accepts a long handled wrench that can be 
manipulated back and forth to turn the motor and free 
its tightness, loosening the material that has caused the 
turntable to jam. 

Never put your fingers inside a disposer for any reason. 
Getting Rid of Odors 

OVER A PERIOD of time, a garbage disposer may begin 
emitting an odor. To dissipate an offensive smell, follow 
this procedure; 

1. Fill the hopper with ice cubes and run the disposer 
for about 1 5 seconds without the water running. Then run 
the water to flush the unit. 

2. Grind up two halves of a lemon in the disposer with¬ 
out water running for about 30 seconds. Then turn on 
the water and run the disposer an additional 1 5 seconds. 

3. Turn off the unit and fill the sink with water. Turn 
the disposer on, which will force-purge the sink of water. 
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Room 
Heaters 

T he electric room heater, which is also 

referred to as a space heater, is a simple appliance. 
The working part is a heating coil (element) 
that is made of a special high resistance wire. 
Resistance refers to the fact that the coil wiring opposes 
the imposition of a steady electric current. This definition 
presents two interpretations, both of which are correct. 

First of all, the special element wire draws only a 
certain amount of current. Elements of different heaters 
differ. The greater the rating, the greater will be the 
amount of current drawn by the heater element, and the 
greater will be the amount of heat the current produces. 

ArK)ther interpretation of resistance indicates that the 
special element wire can withstand tremendous current 
and heat. This, too, is true. 

The amount of heat generated by an electric room heater 
(and, for that matter, other appliances that use heat to 
accomplish a task, such as an electric broiler) depeixis 
upon the amount of electric power the heating element as¬ 
sumes. Electric power (wattage) is the product of voltage 
and amperage—that is, 

volts X amperes = watts. 

Wall outlets supply most homes with 115 volts. This is 
a constant. If the heating element of a room heater allows 
only a five ampere flow of current through it, the output 
of the heater will be 57 5 watts—that is, 

1 15 volts X 5 amperes = 57 5 watts. 

Now, if another type of heater having a larger capacity 
(say, 10 amperes) is plugged into the same wall outlet, 
the output will be much greater. In fact, it will be 1150 
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watts (115 volts X 10 amperes = 1150 watts), which is 
double the amount of heat that the heater drawing five 
amperes can produce. 

Incidentally, the wire used for the heating element of 
room heaters and other heat-producing appliances is a 
special nickel-chromium alloy called Nichrome. The 
metal has a very high melting point. The coil wire is 
attached to ceramic insulators; ceramic also has high resis¬ 
tance to heat. 

PROBLEMS. CAUSES. REPAIRS 

WHEN ROOM heaters fail, wires usually separate or burn 
apart. This is called an open circuit. However, no matter 
what the failure, testing and repairing of room heaters 
require the skills of a competent technician. Electric 
room heaters, if repaired improperly, present a potential 
for fire and also for electric shock. 
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Trash 

Compactor 

T he trash compactor is a relatively new appli¬ 
ance that reduces trash to about one-quarter of its 
original volume and bags it for disposal. Most 
units also deodorize the garbage. 

Frills aside, the heart of a trash compactor is a motor- 
and-drive assembly that provides the driving force for rams. 
The rams do the compressing. 

The motor runs at a speed of approximately 1750 revolu¬ 
tions per minute. It drives the drive assembly by means of 
a gear-type belt which is similar to the drive belt of a snow¬ 
mobile. Because of differences in drive belt pulley sizes 
(one on the motor and one on the drive assembly), the motor 
speed of 1750 revolutions per minute, or thereabouts, is 
reduced by approximately 75 percent. In other words, the 
speed at the drive assembly pulley is only about 450 revolu¬ 
tions per minute. 

Decreased speed provides greater torque (turning or twist¬ 
ing force) that permits the drive assembly to drive ram 
screws with tremendous compressing force. This force is 
transferred from drive assembly to rams by mea.is of a 
bicycle-type chain. 

All in all, rams are driven with a force equal to approxi¬ 
mately 2000 pounds to compress trash. 

PROBLEMS, CAUSES, REPAIRS 


Problem: Unit fails to start 


Possible cause: 

1. Power disconnected 


Repairs: 

1. See that power cord 
is in wall socket. 
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TRASH COMPACTOR DIAGRAM 



2. Blown fuse or tripped 
circuit breaker. 

3. Front door safety 
switch has failed 


4. Rear drawer safety 
switch, safety lock 
switch, start switch, or 
relay has failed. 


2. Replace fuse or reset 
circuit breaker. If trouble 
recurs, call an electrician. 

3. If switch has failed, mo¬ 
tor will hum when start- 
switch is activated. Re¬ 
place front door safety 
switch. 

4. Test each part in turn 
for continuity; replace if 
necessary. 
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Trash Compactor 


Problem: Rams do not reach trash for compression 


Possible Causes: 

1. Lack of lubrication on 
screws 

2. Rams binding 

3. Drive chain too tight 


Repairs: 

r 

1. Lubricate with special 
grease for trash compact¬ 
ors. 

2. Clean out guide posts; 
look for bent parts. 

3. Adjust belt for tension 
not to exceed 1 /4 inch 
when one-pound force is 
applied to belt midway be¬ 
tween pulleys. 


Problem: Rams fail to reverse 


Possible Causes: 

1. Defective relay, direc¬ 
tional switch, or safety 
switch 

2. Defective ram stop 
pads 


Repairs: 

1. Test each component; 
replace if necessary. 

2. Replace 
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Water Heaters 


W ATER FOR your home is heated by electricity or 
by gas. In either case, the way in which the water 
circulates to and through a modern heater is the 
same. Cold water enters through a pipe in the 
top of the tank. This pipe, which extends almost to the 
bottom of the tank, is called a dip tube or drop tube. 

As the cold water is discharged from this tube into the 
bottom of the tank, it is heated by electric elements or a gas 
burner. Hot water, being lighter in weight than cold water, 
rises to the top of the tank where it is drawn off through 
an outlet tube to faucets and appliances that use hot water. 

Whether water is heated by electricity or gas, the tempera¬ 
ture of the water is controlled by a thermostat that "senses" 
temperature. As water heat reaches a preset temperature, 
the thermostat responds by closing the switch that allowed 
the electric current to flow. When water falls below the pre¬ 
set temperature, the heating elements are turned back on. 

About Electrically Operated Units 

TWO TYPES of electrically-operated water heaters prevail: 
induction and immersion. 

As the term indicates, an induction type heats water by 
inducting heat from an electric coil. The electric coil (or 
element) does not come into contact with the water. Instead, 
the element is strapped around the outside of the tank and 
is covered with heavy insulation, causing heat to pass 
through the wall of the tank (instead of dissipating into the 
air), and to "radiate" inward to the water. 
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Water Heaters 

In contrast, an immersion water heater has the elements 
(there are usually two) in direct contact with the water. 
Elements pass right through the wall of the tank, with 
openings around them sealed tightly so the tank main¬ 
tains its watertight integrity. 

How Gas Operated Units Work 

WATER HEATERS that use gas as the heating element 
have as their main parts a gas burner and pilot light. 
The burner is positioned outside the tank—never in contact 
with water. Its flame is directed against the bottom of the 
tank so cold water being discharged from the dip tube is 
heated. 

The flow of gas to the main burner is controlled by a 
bimetal or bellows on-off valve that is controlled, in turn, 
by the thermostat. When the thermostat "senses” that water 
temperature has dropped below its preset level, it activates 
the bimetal or bellows, which causes the valve to open so 
that gas can be supplied to the burner. The burner is lit 
when gas is ignited by the pilot light. 

Water Heaters 

Situated in such a position as to be kept hot at all 
times by the pilot light is a flame sensor. If for some 
reason the pilot light goes out, the flame sensor cools, 
and in so doing cuts off the flow of gas to the burner. 

A favorite type of flame sensor is the device known 
as a thermocouple. So long as it is heated by the pilot 
flame the thermocouple continuously generates a small 
amount of electricity. The thermocouple current is fed 
to a sensitive electric coil on a solenoid gas valve, to hold 
the valve open. If the pilot light goes out the thermo¬ 
couple current ceases, the solenoid valve closes and the 
gas cannot get to the burner wihout a pilot flame to 
ignite it. Instructions on the gas hot water heater tell 
how to restore gas flow after relighting the pilot flame. 
Of course, no such device is required on electric water 
heaters. 

Selecting a Water Heater 

IF YOU ARE building a new home, remodeling an older 
home, or replacing a water heater that has failed, you will 
want to select a new heater that best meets your family's 
needs. The General Public Utilities Corporation has pro- 
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vided a guide that may be used to make a selection: 


No. of People 

Without Automatic With Automatic 

in family 

Clothes Washer 
and Dishwasher 

Clothes Washer 
and/or Dishwasher 

Adults Children 

Tank Size 

Tank Size 

2 0 

40 gallon 

52 gallon 

2 1 

40 gallon 

52 gallon 

2 2 

40 gallon 

66 gallon 

2 3 

52 gallon 

Two tanks of 40- 
gallon capacity* 

2 4 

82 gallon 

Two tanks of 52- 
gallon capacity* 


*Two tanks are suggested to handle this heavy load, be- , 
cause the installation will provide two times the recovery 
rate of a single tank. 


Recovery rate is the time it takes a water heater to com¬ 
pletely replenish a tankful. A minimum recovery rate is 
eight hours to heat a tankful of water from BO'^F. to 
150®F. At this rate, a water heater would heat a full load 
overnight, allowing a household to begin each day with a 
complete supply of hot water. Fortunately, most water 
heaters made by major manufacturers have a much faster 
recovery rate than this. Check this out before you buy. 

Installing a Water Heater 

WHEN YOU have a water heater installed in your home, 
it is a good idea to do some preliminary planning. 

If you are building a home, place the unit near the area 
needing the hottest water—usually the kitchen-laundry area. 
Always avoid, if possible, long stretches of pipe where the 
hot water will stand, and cool. Ideally, the water should 
remain in the water heater until you need it. The more 
water stored in the heater, the more hot water you will 
conserve—as well as the energy needed to heat it. 

Consider the advantages of installing two smaller water 
heaters rather than one large unit. It may prove less ex¬ 
pensive in the long run since, by placing the two units 
wisely, you can reduce the length of piping, which will not 
only conserve energy but also cut down on plumbing costs. 


64 


CONSUMER GUIDE 


Water Heaters 

Overall, it requires less fuel (electricity or gas) to heat two 
small tanks than one large one. 

Make sure that the water heater (or heaters) you select is 
equipped with a pressure/temperature relief valve, which is 
installed in the cold water line just above the tank. This is 
very important, because the valve protects your home and 
water heater from the serious damage that can result if the 
thermostat fails and excessive pressure builds up inside the 
tank. The valve is set to give way when a certain pressure 
is reached (usually 125 pounds per square inch); pressure 
inside the tank to then is dissipated harmlessly. Explosions 
have resulted with tanks not equipped with pressure/tem¬ 
perature relief valves. In fact, so important is this valve 
that water heater installation will not pass local govern¬ 
ment inspection if the valve is not present. 

Money-Saving Tips 

EVERY HOUSEHOLD can conserve hot water by adopting 
some simple procedures. Conserving hot water saves 
money, energy, and frustration, since you help insure an 
ample supply of water. Consider the following ideas: 

• Most clothes made of modern fabrics don't require hot 
water washing. (In fact, many fabrics are ruined by hot 
water.) Most clothes come clean in either warm or cold 
water. Hot water should be used only for washing white 
and colorfast cottons, and heavily soiled clothes. But when 
a load of laundry must be washed in hot water, you can 
still conserve by rinsing in cold water. Another benefit of 
cold water rinsing is that it reduces wrinkling in both per¬ 
manent press and regular fabrics. 

• Hot water in excess of the amount actually needed to 
wash a load of clothes is wasteful. Set the water level con¬ 
trol of your washer for the proper intake (low, medium, or 
high). If there is no water level control on your washing 
machine, conserve hot water by avoiding small loads. Wait 
for full loads. 

• Your automatic clothes washer may have other features 
that will help you conserve hot water if you use them. For 
example, a "suds saver" allows you to use hot or warm 
wash water for several loads, and a "soak" cycle removes 
stubborn dirt that might otherwise require a second washing. 

• Surprisingly, a household normally uses less hot water 
if it has an automatic dishwasher. Hand washing of dishes 
almost always consumes more water. Homes with dish- 
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washers use 1 1 to 1 6 gallons of water to wash a day's load 
of dishes. Washing and rinsing dishes by hand after each 
meal consumes 9 to 14 gallons of water each time (27 tc 
52 gallons per day). However, you should always make an 
automatic dishwasher do a full load of dishes. A half load 
uses as much hot water and electricity as a full load. 

• With a modem dishwasher, you need not rinse dishes 
before placing them into the machine. The washing action 
of today's units does a thorough cleaning and sanitizing 
job. However, if you feel that you must rinse dishes, use 
cold or cool water. 

• If you wash dishes by hand, use a dishpan or sink 
stopper. Washing and rinsing each dish under constantly 
running water wastes water and money. 

• Never use hot water when operating a garbage disposer 
Use cold water only. Hot water causes fat and grease to 
melt. As fat and grease pass through the drain pipe, the^^ 
cool suddenly and settle along the pipe. In time, this will 
cause a clogging, which means a plumbing bill. Cold water, 
on the other hand, causes fat and grease to congeal. In f 
hardened state, they can be pulverized by the disposer and 
carried down the drain with the rest of the food waste. 

• A tub bath consumes 1 0 to 15 gallons of hot water—^ 
shower bath, 8 to 1 2 gallons. 

• Good rules of thumb to follow are: don't use hot water 
when cold water will do, but if warmer water is needed, mix 
hot and cold so that no hot water is wasted. 

• Set your water heater to provide a sensible temperature. 
Household needs are generally satisfied by water heated to 
1 50® F. This also will lengthen the life of your plumbing. 

• Finally, repair leaking water faucets promptly. A drip 
of one drop per second, which is considered a slow leak, 
wastes approximately 200 gallons of water per month. 
This is equivalent to five tankfuls if your home is equippea 
with a 40-gallon water heater. 


Taking Care of a Water Heater 

YOUR WATER HEATER requires no maintenance. How^ 
ever, the life of many units usually can be prolonged b\ 
periodic draining. This removes mineral deposits that ma\ 
attack the inside surface. How often you need to do this 
depends on the amount and kind of minerals in the water 
but draining cannot do any harm, even if you do h more 
often than necessary. 
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3. Heating element burned 3. Test with continuity 


out (electric heater) 

tester. Replace if tester 
shows that element has 
failed. 

4. Defective thermo¬ 
couple (gas heater) 

4. Clean pilot orifice and 
relight pilot. If pilot re¬ 
fuses to stay lit, replace 
thermocouple. 

5. Defective thermostat 
(gas heater) 

5. Replace. 


Problem: Insufficient hot water 


Possible cause 

Repair 

1. Thermostat setting too 
low 

2. Tank too small for 
family's needs 

1. Normal setting is 140- 
150’ F. 

2. As a family grows and/ 
or the use of hot water 
appliances increases, the 
size of the water heater 
may have to be changed 
(see Selecting a Water 
Heater). 


3. Lower heating ele- 3. Test with continuity 
ment burned out (electric tester. Replace if tester 


heater, immersion type) 

shows that element has 
failed. 

4. Defective dip tube 

4. The dip tube may have 
developed a hole, which is 
allowing cold water to di¬ 
lute hot water near the top 
of the tank. The dip tube 
may have to be removed 
and replaced, but if the 
old tube is made of plas¬ 
tic, replace it with a tube 
made of copper. This is 
not an easy problem to 
spot; a technician probably 
would have to be called in. 
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Problem; Slow recovery 


Possible cause 

Repair 

1. Top heating element 
burned out (electric heat¬ 
er, immersion type) 

1. Test with continuity 
tester. Replace if tester 
shows that element has 
failed. 


Problem: Steam in hot water 


Possible cause 

Repair 

1. Thermostat contacts 
burned (electric heater) 

1. Examine thermostat for 
shorted or burned termin¬ 
als. Replace if necessary. 
(See the chapter on Ther¬ 
mostats.) 

2. Thermostat does not 
cut off (gas heater) 

2. If burner fails to go off 
when thermostat is set 
lower, replace thermostat. 

3. Thermostat setting too 
high 

3. Normal setting is MO- 
ISO” F. 


Problem; Water beneath tank 


Possible cause 

Repair 

1. Leaky thermostat 

1. Replace thermostat gas¬ 
ket. 

2. Leaky plumbing con¬ 
nections 

3. Condensation 

2. Make necessary re¬ 
pairs. 

3. Not much you can do, 
but this is not serious. 

4. Hole in tank 

4. Replacement of tank is 
indicated. 
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Clothes 
Di'ijcrs 

T he clothes dryer is a simple machine. A 
rotating drum tumbles damp clothes in an atmo¬ 
sphere of warm air, and the clothes become dry. 
The drum is rotated by an electric motor. A drive 
belt connecting the electric motor and the drum allows the 
two to turn in tandem. 

The heat source is either electric or gas. A dryer which 
uses electricity as a heat source contains one or two heat¬ 
ing elements that become red hot when an electric current 
flows through them. A dryer using gas as a heat source 
warms the air by means of a pilot-light-operated burner 
that is similar to that of a gas stove. 

Important: CONSUMER GUIDE Magazine's informa¬ 
tion on dryers is for owners of both electric and gas units 
except when referring to repairs of the heat source; the 
information then is for owners of electric units only. 

Repairing an electric clothes dryer is possible, but you 
should never attempt to repair a problem with the heat 
source function of a gas dryer. Call your local gas com¬ 
pany's service department. They respond promptly and 
most service is free to homeowners. 

Once the heat source in a clothes dryer is generating 
heat and the drum is rotating, a fan blows hot air through 
and around the clothes as they tumble. Moist air is ex¬ 
pelled to the outside through an exhaust flue. 

Only two controls are needed to operate a clothes dryer. 
One is a clock timer (synchronous motor) that controls 
the amount of time of the drying cycle. (A detailed ex¬ 
planation of how these timers work is in the chapter on 
clothes washers.) 

The second control in a clothes dryer is a thermostat— 
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actually a safety device, although in some dryers a sec¬ 
ond one is included to control temperature. The thermo¬ 
stat automatically turns off the dryer if the temperature 
goes higher than a safe limit, usually set around 200 F. 

When a thermostat is used to control temperature, it 
functions during the drying cycle in response to the par¬ 
ticular setting you choose for drying different types of 
fabrics—permanent press, sheers, cottons, wools, knits, and 
so on. As the air in the dryer reaches the peak tempera¬ 
ture for the setting you selected, the thermostat reduces 
the amount of electric current or gas going to the heating 
element. This is the same type of control used by tem¬ 
perature-controlled ovens and ranges, it is explained in the 
chapter on thermostats. 

Caring for Your Clothes Dryer 

ONLY ONE preventive maintenance task is required by 
a clothes dryer, but it is of utmost importance. Every dryer 
includes a filter that traps lint (shaken loose from the 
clothes) carried by the warm, moist air as it is expelled 
through the exhaust flue. If the filter is not cleaned, lint 
builds up and blocks the passage of air. This reduces the 
efficiency of the dryer, and eventually could cause a fire. 

Clean the filter after every use. 

Consult the instruction manual which came with the 
dryer; it will show you where the filter is located and the 
best way to remove and clean it. 

PROBLEMS, CAUSES, REPAIRS 

THE CLOTHES DRYER usually is simple to repair. A 
problem shows itself most often in one of four ways: 

1. The basket will not rotate, although the motor op¬ 
erates. 

2. Little or no heat is generated. 

3. Clothes remain damp. 

4. The motor does not go on. 

You should observe two important safety precautions 
when working on a clothes dryer. First, pull the power 
cord from the wall socket. Make repairs or connect a test 
light, as necessary. Only then reconnect the power cord 
to check on your repair or to test a component. Never 
work on the appliance with electricity connected. 

The second precaution involves a gas dryer. If you 
must move the dryer, use extreme caution to prevent 
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breaking a gas line connection. j 

1. Basket will not rotate although motor operates. In 
most cases, a stretched or broken drive belt causes this 
malfunction. Most dryers use one belt, called a belly band, | 
that goes completely around the drum and is driven by i 
the motor. The band extends from the motor pulley around 
another, called an idler pulley (its job is simply to support ’ 
the extended length), and around the drum. 

Other dryers use two belts. One of these extends between 
the motor and an idler pulley. The second belt extends 
from the idler pulley to the drum drive pulley. If either 
of these belts breaks or loosens to a point where it slips, 
the drum will not rotate or will rotate sluggishly. 

A few dryers use three belts. Two of these are connected 
in the same way as a two-belt setup. The third belt drives 
the fan. 

To check a drive belt (or belts), pull the power cord 
from the wall, then remove the rear panel of the dryer. 

If a belt has broken (this will be readily visible), replace 
it with a new one. 

It is best to order a new drive belt from a dealer who 
sells those for your brand. Order by brand and model 
number to make sure you get the correct belt. 

Each belt on a dryer must be tight, though not too tight. 

It should have a play of Vi inch when pressure is applied 
with your thumb to the mid-point. If a belt needs tightening, 
loosen the drive and exert pressure against the belt by 
pulling on the drive. Retighten the drive when tension is 
correct. 

If you do not find a break in the belt or belts, then the 
reason for a drum not rotating, or rotating sluggishly 
even though the motor runs, is either a buildup of lint 
around the drum or a frozen drum bearing. You can 
determine which problem exists by removing the drive 
belt and rotating the drum by hand. If the drum turns, 
but catches intermittently, look for lint trapped between 
the drum and dryer housing. The drum has vanes which 
usually are removable. Through the openings you should 
be able to clean out the lint. 

If the drum will not turn at all, but feels as if it is bind¬ 
ing constantly, the drum bearing is frozen and should be 
replaced. To do this, the drum will have to be removed 
from the dryer, a job for the service technician. 

2. Little or no heat is generated. As was mentioned be¬ 
fore, this section refers only to electric dryers. If you have 
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a problem with the heat source of a gas dryer, call your 
local gas company. 

The first thing to do when you discover your electric 
dryer is not giving off heat is to check the fuse or circuit 
breaker in the main electric panel. Dryers are serviced 
by two 30 ampere fuses or two circuit breakers. If one 
of these fuses is bad, or if one of the circuit breakers has 
tripped, it is possible that the dryer will run, but the heating 
element will not operate. In other words, if one fuse is out 
the motor will run; if the other is out the motor will not 
run. In neither case will the element heat up. 
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In other words, an electric clothes dryer operates on a 
total of 220 volts. The motor requires 1 10 volts, the heat¬ 
ing element 220 volts. Thus if the dryer is getting only 1 10 
volts, the motor will continue to run, but no heat will be 
generated. 

Replace the bad fuse or reset the tripped circuit breaker. 
Start the dryer again. If the fuse blows or the circuit 
breaker trips soon after, there is an electrical problem. 
Do not operate the dryer. Call an electrician. 

If fuses and circuit breakers are in good shape, check 
the heater. Most electric clothes dryers have one heater, 
but some older models have two. Dryers open in different 
ways, but one commonly found uses the following pro¬ 
cedure: First disconnect the power cord from the wall out¬ 
let, then slip a screwdriver in the joint formed by the unit's 
top and its front panel, and pry upward, popping up the 
top. Open the top. At the rear of the unit you will see the 
heater terminals. 

Now connect a 2 20-volt test light across the terminals 
(See Figure 1). Reconnect the power cord to the wall out¬ 
let, make sure the dryer's door is closed and turn on the 
machine. If the test light does not glow, the heater probably 
is functioning properly. The cause of the problem is most 
likely a faulty safety thermostat or control thermostat. If 
the test light does glow, then the heater has developed an 
open circuit and should be replaced. 

To check on the safety and control thermostats, you 
first must find them. Generally, both thermostats are wired 
into the heater circuit. You may be able to find them by 
tracing the wires that branch off the heater terminals. 

The location of the thermostats may be shown on the 
schematic wiring diagram that should be glued inside the 
cabinet of the machine. 

Check each thermostat by connecting the 220-volt test 
light across its terminals. If the light glows when the 
dryer is turned on, an open circuit exists in that thermo¬ 
stat and the part should be replaced. 

One other part can cause the problem of little or no 
heat: the timer. To test the timer, make sure that no elec¬ 
tricity is getting to the appliance (disconnect the wall plug) 
and remove the control knobs and control panel. Knobs 
are probably held by small Allen screws (you will need 
an Allen head wrench). 

First examine the contacts of the timer closely. If con¬ 
tacts are burned, the timer is bad and should be replaced. 
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Notice that the timer has two terminals on its output side 
and one terminal on its input end. Connect a test light be¬ 
tween one of the terminals on the output side and the termi¬ 
nal on the input end. Reconnect current to the dryer, see 
that the door is closed, and turn the timer dial. If the light 
glows, the timer is bad. If the light does not glow, test the 
other input terminal of the timer. 

3. Clothes remain damp. If the heat source is genera¬ 
ting heat and the basket is revolving, but clothes remain 
damp, then the reason is either a vent that is clogged with 
lint or a malfunctioning blower fan. Bet on a buildup of 
lint, since blower fans seldom go bad. 

As indicated before, lint is the main enemy of a clothes 
dryer. If it has been allowed to accumulate so that drying 
is affected, you will have to disassemble and clean out 
vent pipes as well as the lint trap. You can check for 
excessive lint buildup by putting your hand on the top of 
the dryer—if it seems unusually hot to the touch, you have 
a lint problem. 

If a blower fan does go bad in those machines where 
the fan is a part of the motor, the fan can be replaced 
without replacing the entire motor. Incidentally, an indica¬ 
tion of a defective blower fan is a racket coming from the 
motor. When the fan is no longer in balance, the motor will 
begin vibrating. 

Dryers with three belts have a blower fan which Is in¬ 
dependent of the main motor. If clothes remain damp, 
inspect the belt that extends from the main motor to the 
blower. If the belt has broken or is slipping, the blower 
cannot operate efficiently. 

4. Motor does not operate. The problem could spring 
from a variety of malfunctions: the timer, motor starter 
switch, motor bearings, door switch, or bad fuses or cir¬ 
cuit breakers. It may be as simple as a cord accidentally 
pulled from the wall receptacle. In checking fuses, be aware 
that many machines have a fuse in the dryer itself which 
serves as protection against a motor overload. If this fuse 
blows, the machine will not run. 

To check on the door switch, loosen the top of the dryer 
as explained above. The door switch is immediately in 
back of the small pushbutton which is visible when the 
door of the dryer is open. The function of the door switch 
is to shut the dryer off when the door is open. 

Disconnect the power cord from the wall outlet, discon¬ 
nect the two wires connected to the door switch, tie the 
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two ends of the wire together, and reconnect the dryer. 
Turn on power. Even with the door open, the dryer will 
start running if the cause of the problem is a bad door 
switch. Do not use this bypass method to run the dryer for 
general use; it is dangerous. Buy and install a new switch. 

The final cause of a motor not operating is a burned 
out motor. You will know this is the problem if you smell 
an odor of scorched insulation. A burned-out motor must 
be replaced. 


Figure 1.220-Volt Test Light 
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A CLOTHES WASHER becomes automatic — doing all 
the jobs it is meant to do without manual control 
by the owner — because of its timer. Actually, the 
timer is an assembly of cam-operated switches 
driven by a synchronous motor. The same motor is found on the 
timer of other automatic appliances, including clothes dryers 
and dishwashers. 

A synchronous motor runs at a set speed at all times, never 
speeding up or slowing down (unless it malfunctions) its 
speed is controlled by house current, which is set to deliver 
exactly 60 cycles per second. Since the speed of current 
never varies (unless there is a utility malfunction), the 
operating speed of a washer's synchronous motor never 
varies. 

Along the shaft of the synchronous motor are several discs 
called cams. Each cam is lined up facing, and in touch with, a 
switch. As the motor shaft rotates, the cams rotate so that 
their high and low points push or release (activate or 
deactivate) the switches at different times. A spring-loaded 
trip gear in the reduction gear train allows the synchronous 
motor to drive the timer cams in spurts so that instead of 
gradually opening and closing, which might cause arcing, the 
timer switch opens and closes with a snap action. As each 
switch is activated or deactivated, a different function of the 
washing machine is started or stopped automatically. The 
machine fills with water, the tub agitates, water is drained and 
spun out, rinse water fills the tub, and a final draining and 
spinning end the cycle. 
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Putting it simply — the timer controls the functions of the 
washer and the duration of the cycles you set at the beginning 
— a short, cool water cycle for permanent press clothes, a 
longer, hot water cycle for bed linens, and so on. 

How a Washing Machine Works 

IF YOU FOLLOW a typical agitator-type washing machine 
through several of its functions, you will get a good idea of 
how the synchronous timer motor performs its job, as well as 
how other parts function: 

1. When you turn on the machine, water begins filling the 
basket. The water can be hot or cold, or a mixture of the two 
(warm). It depends on the water valves — whether one or the 
other, or both, open. 

Attached to the valves — one valve for cold water and one 
for hot water — are hoses that connect to a cold water pipe 
and a hot water pipe. The flow of water through the pipes is 
controlled by an electric device called a solenoid, which 
allows the valves to open or close. 

Each pipe has its own solenoid (coil) which operates a stem 
(armature). When the stem is down, water pressure seals off 
the valve intake so that water cannot enter the washing 
machine. When the stem is up, the intake passage is clear 
and water pours in. 

The solenoid valve stem lifts electrically; it closes by spring 
pressure. There is not enough power in the stem movement 
to control the water flow. Therefore the valve is designed so 
that it is the water pressure which opens and closes the valve. . 
All the solenoid stem or plunger does is control passageways 
that determine where the water pressure flows to activate the 
valve. 

Most washing machines have a water temperature switch 
that permits you to select cold, hot or warm water. By setting 
the switch, you determine which solenoid will be activated. 
For warm water, both solenoids open both the hot and cold 
pipe valves and the two waters come together and mix. This 
is why the water intake valve is frequently called the water 
mixing valve. 

Once the solenoid has opened the valve, and water is'5 
rushing into the tub of the washing machine, the length of^ 
time the water continues to flow is determined by one of^ 
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those cams on the shaft of the timer. There are ususally 
several water-fill times possible on a machine — the tub can 
be filled to a "low” or a "high” level for wash and rinse 
cycles, and during the rinse cycle additional water flows in as 
soapy water is spun out. These time periods are set at the 
factory. 

Other washers — not on a "time-fill" system — have a 
float-like device that allows water to rinse to a predetermined 
level. The float then trips a switch that turns operation back 
to the timer and shuts off the water flow. 

2. As soon as the water flow is shut off by the valve when 
the preset time period has run out, another switch is turned 
on by one of the cams on the synchronous motor. This switch 
controls the agitator shaft in the center of the tub. Either 
through a belt or coupling, the split phase motor drives a train 
of reduction gears terminating in an oscillating arm that 
converts the rotation from the gear train into a reciprocating 
movement for the agitator. 

This is the real working phase of a washing cycle. Water, 
detergent, and the agitation of the clothes combine to rub, 
soak, and wash out dirt and stains. The agitation, preset at 
the factory, lasts for varying periods of time, depending on the 
type of washing you select at the beginning (permanent press, 
blankets, bed linens, and so on). 

3. When the preset washing time has elapsed, the timer 
does several things; it switches off the agitator drive, it turns 
on the pump, and it operates the drain valve. A solenoid 
provides the movement to open the drain line. 

As the drain valve opens and the pump begins operating, 
the basket, or tub, starts spinning, first slovyly, then faster 
and faster until the clothes are flung by centrifugal force to 
the sides of the basket and held there as long as the spinning 
continues. This spinning "wrings" the cloths of most of their 
water so that they are damp when removed. (For some 
cycles, such as those for permanent press clothes, the spin 
cycle is slower than normal so that creases do not form in the 
clothes as they are pressed tightly against the sides of the 
basket.) 

In most washers, the basket is spun by the same motor that 
controlled the agitator in the wash cycle. Whether the agitator 
will move back and forth in short spurts, or the tube will spin 
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(that is, whether the motor will cause rotation from side to 
side or in one direction for the spin) is determined by the 
transmission. 

There are many different kinds of transmissions and drive 
mechanisms used in automatic clothes washers. One type 
employs two motors — one with a low-speed drive for 
agitation and the other with a high-speed drive for spinning. 
The motors interlock so that both cannot operate at the same 
time. 

Another type of drive mechanism uses two pulleys on one 
shaft that is equipped with a clutch. One pulley is for low 
speed; the other is for high. The clutch simply engages one or 
the other to initiate agitation or spin. In this type, the motor 
reverses; one direction for agitate, the other for spin. 

How to Take Care of a Clothes Washer 

YOUR MODERN AUTOMATIC clothes washer is a strong 
machine that should give many years of service even if you 
never have it checked. However, by practicing these simple 
maintenance procedures you will extend its life and assure 
yourself of the best possible washing results: 

1. Read and follow the instruction booklet that came with 
your washing machine. If you have lost this valuable docu¬ 
ment, write the manufacturer for another. This guide tells you 
everything you need to know about preparing clothes for 
washing, loading the machine, pretreating the wash, selecting 
the correct cycle and washing aids (soaps, detergents, bleach, 
fabric softeners), removing stains, and how to wash special 
items. 

2. After each wash has been completed, disconnect the 
power cord from the wall socket and wipe the outside and 
inside of the machine with a clean damp cloth. Also wipe off 
the agitator. Leave the door of the machine open so the 
interior can dry thoroughly. 

3. Occasionally wax the exterior surface to provide extra 
protection. Use one of the special appliance waxes sold in 
hardware stores. 

4. If you spill bleach on the surface of the machine, wipe it 
up immediately. Bleach is highly corrosive. 

5. At the end of each wash day, turn off the valves on the 
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pipes leading to the washing machine to relieve water 
pressure on the water valve inside the machine. This is a 
safeguard. A water valve can fail, if one does, and the pipe 
valves are open, water can drip into the tub, or even pour in, 
causing a flood. 


How to Repair a Washing Machine 

THERE ARE many reasons for clothes washer failure, but a 
malfunction usually affects one of four functions: filling, 
washing (agitation), draining, spinning. 

Many times the cause of a problem is easily corrected. The 
troubleshooting charts below begin with minor, easy-to-fix 
problems and go on to more serious and complex ones. You 
may be able to fix the simpler problems yourself before calling 
a repair person for adjustments or repairs you feel are beyond 
your ability. 

When you work on an automatic clothes washer, or for that 
matter on any electric appliance, it is imperative that you take 
these precautions: 

1. Make sure that electricity is turned off before handling 
components. Remove the fuse or trip the circuit breaker 
servicing the appliance, or pull the power cord from the wall 
outlet. Don't take chances of getting a fatal electric shock. 

2. Turn off water at the main intake when working on a 
water-handling component, such as a water valve. 

3. Do not go to the expense of replacing an electrical 
component that you think has gone bad before checking to 
make sure that the trouble is not caused by a loose wire 
connection that can be corrected easily. 

4. After replacing an electrical component, make certain all 
wire connections are tight. 

5. Do not restore electrical service to the appliance 
(reinsert the plug or replace the fuse or circuit breaker) until 
you are sure that ground wires are reattached firmly. 

6. To prevent water leaks, see to it that water connections 
are tight. 

7. If a replacement part is needed, use one that meets the 
specifications. You cannot go wrong using parts made by the 
manufacturer of your appliance. 
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PROBLEMS, CAUSES, REPAIRS 
Problem: Washer does not fill with water 
Possible Causes Repairs* 


1. Water valves on pipes 
closed. 

2. Water inlet hoses kink¬ 
ed or knotted. 

3. Clogged water intake 
screens 


4. Defective water valve 
solenoid 


5. Defective water valve 


1. Open valves. 

2. Straighten out hoses. 

3. Screens are located in 
hose connections at wa¬ 
ter faucets and at those 
connections of the water 
intake valve. Remove 
screens and clean out 
sediment. 

4. Remove leads from 
valve and connect a 1 1 5- 
volt test light across ter¬ 
minals. (See the chapter 
on Continuity Tester.) 
Turn off electricity and 
move control knob (timer 
dial) to "Fill'' position. If 
test light does not light, 
the water valve solenoid 
should be replaced. 

5. Disassemble water 
valve and inspect parts for 
damage. Replace a bad 
part with a new one, if 
possible. If not, replace 
the entire valve. 


*Puil power cord from wall outlet first. After each repair is 
made, reconnect electric power and test operation. If the 
action fails to remedy the condition and further action has to 
be taken, be sure to pull the power cord from the wall outlet 
again before continuing. 
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6. Defective timer 


7. Defective water tem¬ 
perature switch or water 
level pressure switch 

8. Open circuit in timer, 
in water solenoid valve 
coil, or in connecting 
wires. 


6. Test according to man¬ 
ufacturer's recommended 
procedure and replace if 
faulty. Be sure to try the 
lead wires for correct re¬ 
placement. 

7. Test according to man¬ 
ufacturer's recommended 
procedure and replace if 
faulty. 

8. To test timer, use con¬ 
tinuity tester to check for 
complete circuit from line 
cord plug prong to sole¬ 
noid, make continuity 
check between two sole¬ 
noid terminals (See Figure 
1). There should be con¬ 
tinuity from "source to 
load"—from the line cord 
plug to the motor lead 
wire—when the timer is 
set to WASH. 


Problem: Washer does not wash (agitate) 

Possible Causes Repair* 

1. Broken drive belt 1. Replace with new belt. 

2. Drive belt is too loose 2. Tighten. The correct 

and slipping. belt tension is attained 

when the belt can be de¬ 
flected 1/2 inch. 


*Pull power cord from wall outlet first. After each repair is 
made, reconnect electric power and test operation. If the 
action fails to remedy the condition and further action has to 
be taken, be sure to pull the power cord from the wall outlet 
again before continuing. 
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3. Defective drive clutch 

3. Replace control knob 
(timer) in ''Wash'' posi¬ 
tion. Remove the drive 
belt and turn the clutch 
by hand. If there is no 
strong resistance, the 
clutch is bad and should 
be replaced. 

4. Defective transmission 

4. Place control knob 
(timer) in "Wash" posi¬ 
tion. Remove the drive 
belt and turn the trans¬ 
mission pulley by hand in 
the direction of agitation, 
which is generally clock¬ 
wise. If the agitator is not 
driven by this action, the 
transmission is probably 
bad and should be over¬ 
hauled or replaced. 

5. Defective timer or wa¬ 
ter level pressure switch 

5. Test according to man¬ 
ufacturer's recommended 
procedure and replace if 
faulty. 

6. Open circuit 

6. With control knob 
(timer) at "Wash" posi¬ 
tion, probe each wire con¬ 
nection with a test light 
to determine if there is a 
defective wire or loose 
connection. 


*Pull power cord from wall outlet first. After each repair is 
made, reconnect electric power and test operation. If the 
action fails to remedy the condition and further action has to 
be taken, be sure to pul! the power cord from the wall outlet 
again before continuing. 
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Problem: Water drains from machine during wash 
and rinse cycles instead of at the end of the cycle. 


Possible Cause Repair* 

1. Drain hose may be 1. Reposition drain hose 
positioned lower than the so that it is higher than 
water level in basket. This the highest water level in 
creates a vacuum and wa- the basket, 
ter will siphon out. 


Problem: Machine does not spin or does not spin 
at correct speed 


Possible Cause 

1. Broken drive belt 

2. Slipping drive belt 


3. Loosen motor drive 
pulley 

4. Defective drive clutch 


Repair* 

1. Replace with new belt. 

2. Tighten belt. The cor¬ 
rect belt tension is attain¬ 
ed when the belt can be 
deflected 1 / 2 inch. 

3. Tighten pulley, set 
screw. 

4. With dryer unplugged, 
pull control knob (timer) 
in "Spin" position. Re¬ 
move the drive belt and 
turn the clutch by hand. If 
there is a strong resis¬ 
tance, the clutch is bad 
and should be replaced. 


*Puil power cord from wall outlet first. After each repair is 
made, reconnect electric power and test operation. If the 
action fails to remedy the condition and further action has to 
be taken, be sure to pull the power cord from the wall outlet 
again before continuing. 
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5. Spin brake does not re¬ 
lease or transmission is 
frozen 


6. Defective timer 


7. Open circuit 


5. The spin brake and 
transmission are attached 
and checked as one unit. 
Place control knob (timer) 
in "Spin” position. Re¬ 
move drive belt. Turn 
brake stator. It should 
move freely. If the brake 
stator binds, the brake as¬ 
sembly or transmission is 
defective. Have one or 
both, repaired. 

6. Test according to man¬ 
ufacturer's recommended 
procedure and replace if 
faulty. 

7. Use continuity tester to 
check for complete circuit 
from line cord to solenoid 
terminals. 


Problem: Motor does not operate 


Probable Cause 

1. Power cord discon¬ 
nected 

2. Blown fuse or tripped 
circuit breaker 


Repair* 

1. Make sure that power 
cord is plugged into wall 
outlet. 

2. Replace fuse or reset 
circuit breaker. If fuse 
blows or circuit breaker 
trips again, disconnect ap¬ 
pliance. Do not operate. 
A malfunction exists that 


*Pull power cord from wall outlet first. After each repair is 
made, reconnect electric power and test operation. If the 
action fails to remedy the condition and further action has to 
be taken, be sure to pull the power cord from the wall outlet 
again before continuing. 
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may cause fire. Consult I 
an electrician or appliance 1 
serviceman. ] 

3. Defective lid switch 3. Most newer washing I 

machines have a safety < 
switch which is activated < 
by the lid; the machine 
turns off automatically 
when the lid is raised dur¬ 
ing operation. Test this J 
switch by connecting a 
test light across its ter¬ 
minals. With the control 
knob at "Wash” position, ^ 
the light should light. If 
not, replace the lid switch, j 

4. Defective timer 4. Test according to man¬ 

ufacturer's recommended 
procedure and replace if 
faulty. 

5. Defective motor 5. Most washing ma¬ 

chines are protected by 
an internal overload circuit 
breaker which turns the 
appliance off if the motor 
overheats. If the motor 
cannot be started 30 min¬ 
utes after this protective 
part turns the machine off, 
one of the following con¬ 
ditions exist: 

(a) If the motor has 
switched off as the wash¬ 
ing machine went into the 
"Spin" position, the rea- 


*Pull power cord from wall outlet first. After each repair is 
made, reconnect electric power and test operation. If the 
action fails to remedy the condition and further action has to 
be taken, be sure to pull the power cord from the wall outlet 
again before continuing. 
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son for the problem may 
not be the motor, but the 
clutch, transmission or 
brake. To determine if this 
is the case, remove the 
drive belts, set the control 
knob at "Spin” position 
and turn on the machine. 
If the motor operates, 
there is no motor problem. 
Isolate the failure to the 
clutch, transmission or 
brake. 

(b) If the motor operates 
in "Spin" position, but 
not in "Wash” position, 
or vice versa, the cause 
of the problem may be a 
bad timer or defective lid 
switch. Check these two 
components before blam¬ 
ing the motor. 


Problem: Water does not drain out of washer 
Possible Cause Repair* 


1. Kinked or knotted drain 
hose 

2. Broken drive belt 

3. Slipping drive belt 


1. Straighten out hose. 

2. Replace with new belt. 

3. Tighten belt. The cor¬ 
rect belt tension is at¬ 
tained when the belt can 
be deflected 1 /2 inch. 


*Pull power cord from wall outlet first. After each repair is 
made, reconnect electric power and test operation. If the 
action fails to remedy the condition and further action has to 
be taken, be sure to pull the power cord from the wall outlet 
again before continuing. 
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4. Clogged drain 4. Free drain. 

5. Defective water pump 5. Either disassemble ’ 

pump, clean out sediment ^ * 
and replace bad parts; or 
replace entire pump. [ 

6. Defective timer 6. Test according to man¬ 

ufacturer's recommended < 

procedure and replace if . 

faulty. 

7. Open circuit 7. With control knob at 

"Drain" position, probe 
each wire connection with ! 
a test light to determine \ 
if there is a defective wire 
or loose connection. i 


Fig. 1 WASHING MACHINE SOLENOID WATER VALVE 



When the coil pulls the plunger tip out of the small hole in the 
washer, water pressure unseats the washer and water pours 
through. When spring pushes plunger into hole, water pressure 
unequalizes and forces washer to closed position. _ 

"Pull power cord from wall outlet first. After each repair is | 
made, reconnect electric power and test operation. If the ) 
action fails to remedy the condition and further action has to ; 
be taken, be sure to pull the power cord from the wall outlet | 
again before continuing. ^ 
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vacuum 
Cleaners 

ACUUM CLEANERS and electric brooms are al¬ 
most as basic today as once were the ordinary 
broom and dustpan. With or without their special 
attachments, these cleaners can handle hardwood 
floors, walls, carpets, furniture, and draperies, and are an 
important factor in the maintenance of appliances such as 
window air conditioners and refrigerators. 

Although vacuum cleaners are available in a variety of 
sizes and shapes (the two major categories are tank or can¬ 
ister and upright), they all work on the same principle. As 
for electric brooms, they are in fact lightweight, upright vac¬ 
uum cleaners with the same working parts. 

At the heart of a vacuum cleaner is an electric motor 
housed in a compartment. The motor drives a shaft which 
causes a fan to whir. The fan pulls air through the housing 
and forces it out through the outlet end of the cleaner. 

All this occurs at a very high rate of speed. Vacuum clean¬ 
er motors operate at approximately 3000 to 10,000 + 
revolutions per minute, depending upon design. With this 
speed, a great quantity of air is moved at once, creating 
suction. 

As the fan draws air through the compartment, it creates 
suction at the inlet end of the housing—the end with the pick¬ 
up attachment. In canister-type vacuum cleaners, the pickup 
is a long hose equipped with a nozzle (or brush or wand, 
or other cleaning attachment). In upright units, the pickup 
is a brush-equipped roller mechanism (sometimes with a 
beater bar) that sweeps along the floor or rug. 

The high-speed fan sucks air through the pickup attach¬ 
ment and into the inner compartment. As it does so, it 
creates a vacuum—an empty space from which all air has 
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VACUUM CLEANER DIAGRAM 
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leen remo'.ed. The cnjcial porni of a vacuum is that air 
round it rushes in to fill tr^ empty space- In other 

vords- an area of high pressure alv.a>'S rushes toivard an 
irea of Io'a pressure. 

In a vacuum cleaner, the a»r that surges in to fill the v’ac- 
lum carries with it dust, dirt, arxl lint particles, thus literal- 
Y ''vacuum cleaning." 

The air that flcivs in to fill the vacuum flovss on into a 
xxitainer or bag. <One brand of electric broom uses a plas- 
ic cup; others, and vacuum cleaners, use a bag.) Vacuum 
leaner bags are made of a special paper or cloth that is 
Kxous enough to permit a free flo'iV' of air, tight enough to 
rap most of the oust ar>d dirt, and tough enough to w'^ith- 
rtarxj the pressure without teaming. The cloth bags can be 
leaned and re-used. Paper bags are discarded when full 
md replaced with new ones. 

Be>' 0 <xj the bag is a filter that permits air to flow through 
xrt which captures finer dust and dirt that was not trapped 
jy the bag. The air—relatively clean fcr/ r>oss—passes next 
)ver the vacuum cleaner motor, cooling it, and then on out 
hrough the outlet. 

^ow to Repair a Vacuum Cleaner 


THE CHIEF COMPLAINT of those who use vacuum clean¬ 
ers and electric brooms is lack of suction—"ft won't pick 
jp." Sometimes the complaint is based on a real problem; 
other linves, the solution can be a simple one 

You can check to see if your cleaner is creatir^g suffident 
racuum scattering some sa-wdust ovar the floor. If 
some of the sawdust remains after you have swept the 
•acuum cleaner over it. the suction is not sufficient. The 
jnit needs ser/icing. 

The most common cause of insuffident suction is a full 
Just beg or a dirt-clogged filter. Dirt-clogged nozzles, hoses 
3nd passages also reduce suction — in fact, anything uhat 
ajts dcr.vn on the free movement of a«r cuts down the effi- 
riene/ of a vacuum clearer'. 

If you are hav'tng problems with suction, check firs: to 
see if the dust bag or filter are clogged. Remedye both. P ace 
the deaner in a position v<'hsre it will rK>t pick up cirt, then 
svritch it on. n\ever operate a vacuum cleaner or e»ectric 
xoom in the cleaning position without a oust bag, pickup 
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receptacle or filter. Dust will be pulled into the motor, where 
it can clog air passages, causing the motor to overheat and 
burn out.) Hold your hand over the pickup end of the clean- 
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er to check the suction. If it seems stronger without the dust 
bag and filter, replace them. 

If removing the dust bag and filter does not increase the 
vacuum (suction), all hoses, nozzles and passages should 
be inspected for dirt buildup. Pull the power cord from the 
wall outlet, then clean all parts of the unit. Make sure, too, 
that hoses are not torn or otherwise damaged. Check gaskets 
for tears. A bad hose will create an air leak,' which will re¬ 
sult in reduced vacuum and weaker suction. 

Other common problems with vacuum cleaners are listed 
in the chart below. 


PROBLEMS, CAUSES, REPAIRS 


Problem: Motor will not run 

Repairs 

1. Reconnect wires and 
retape 

2. Replace 

3. Have repaired or re¬ 
placed 

4. Tighten 

5. Have repaired or re¬ 
placed 

Problem: Shock felt when motor is started 

Possible Causes Repair 

1. Wire has come loose 1 • Unplug unit; check 

and is grounded against wires; if in doubt, have 

unit's case professionally checked 

before using again. 

Problem: Hard to push (upright) 


Possible Causes 

1. Damaged power cord 

2. Worn motor brushes 

3. Bad on-off switch 

4. Loose wiring 

5. Damaged motor 


Possible Causes 

1. Machine set too low 
(too close to floor) 

2. Worn out brushes 

3. Brush spindles need 
lubrication 


Repair 

1. Adjust 

2. Replace 

3. Follow diagram and 
lubricate 
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Polishers 



I 


A n electric floor polisher works on the same me¬ 
chanical and electrical principles as smaller motor- 
driven appliances, such as drills, saws and electric 
knives. The object of the machine is to drive two 
brushes against a floor to polish it. 

A point to remember is this: polishing brushes rotate in 
opposite directions from each other. This opposing action is 
accomplished in several ways depending on the type of floor 
polisher. 

In the design and construction of a standard floor polisher, 
gears and bearings that drive the brush drive shafts are 
positioned in the lower part of the appliance housing. The- 
motor is located on top of the gear box, while the motor itself is 
mounted in a vertical position. 

The handle is hinged to the housing to make it easier for 
the user to keep the brushes flat on the floor while moving the 
machine back and forth. The line cord enters the hollow 
handle from the top, is tapped into an on-off switch, and 
extends down and is connected to the electric motor. 

The operation of the machine is quite simple. The motor is 
turned on by switching on the on-off switch. The motor j 
revolves and drives a gear. This gear, in turn, drives a small 
pinion which is attached to one of the two main gears. The* 
two main gears are meshed, but are positioned in such a way^ 
that if one turns to the right, the other turns to the left. In* 
other words, driving of the one main gear by the pinion causes 
the other main gear to be driven in the opposite direction. 

A pinion beneath each main gear drives the final-drive gear- 
that drives the drive shaft to which the brushes are attached. 
Another method used to operate a floor polisher is called" 
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FLOOR POLISHER DIAGRAM 
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the double-worm method. 

In this design, the motor is mounted horizontally, but 
controls not one but two geared shafts which are driven by the 
armature. These are called worm gears. 

There are also two gear boxes. In each is a pinion that is cut 
to turn in a direction opposite the other pinion. The worms 
turn, driving the pinions, which drive the brush drive shafts i 
that drive the polishing brushes in opposite directions. 

PROBLEMS, CAUSES, REPAIRS 

ALTHOUGH SOME floor polishers are difficult to dismantle 
for maintenance, the servicing problems are like those of 
other appliances with a universal motor. The motor can be 
checked for brush wear. The gear box can be inspected for 
need of lubrication. Since cord replacement is complicated by 
the fact that, where it goes through the appliance handle, the 
cord connects to the switch, perhaps its replacement should 
be done by a technician. 


98 


CONSUMER GUIDE 


Freezers/Refrigerators 


Freezers/ 

Refrigerators 

A ll home freezers and refrigerators have 
essentially the same components and work on the 
same principle as air conditioners. The cooling 
medium used in all refrigeration appliances is 
called dichlorodifluoromethane—Freon, for short. 

Freon is odorless, nonpoisonous and nonflammable. It 
s handled in different ways to provide a boiling point 
suitable for the particular system in which it is being 
jsed. For example. Freon in some home freezers has a 
greater volume than Freon in a comparative refrigerator. 
Fhe greater the Freon charge, the greater will be its ability 
:o lower the temperature. 


Fhe Cooling System 

IN A freezer, refrigerant in a gaseous state is pumped 
throughout the sealed refrigeration system. Refrigerant is 
laden with heat and is in vapor form on the low pressure 
side of the refrigeration system. It is cool and in liquid 
form on the high pressure side. 

The compressor draws in the heat-laden vapor from the 
low pressure side and squeezes it into a smaller area. The 
purpose of compression is to raise the temperature of the 
vapor above the temperature of the air outside the 
refrigerator. 

Keep in mind that warm always flows to cool. As its 
temperature rises above the temperature of the surrounding 
air, the refrigerant vapor gives off its heat. This lowers the 
boiling point of the vapor, which causes it to revert to 
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liquid form for another cycle through the refrigeration 
system. 

Don't be misled into thinking that heat transfer takes 
place in the compressor. It doesn't. Heat is transferred 
in the condenser. As refrigerant leaves the compressor, 
it flows into the zigzag tubing of the condenser. This tubing 
is enclosed in cooling fins which resemble the radiator 
core used in automobiles. 

The compressed vapor enters the condenser and wends 
its way through the tubing. As it comes into contact with 
the cooler outside air (tubing is exposed to the outside), 
it gives up its heat, so by the time the refrigerant leaves 
the condenser, it does so in a cooled, liquified state. 

As the liquid refrigerant leaves the condenser, it flows 
into a capillary tube, a very small line with a tiny hole. The 
tube restricts the flow of refrigerant and meters out the 
correct amount of refrigerant to the evaporator, which is 
positioned in the refrigerator cabinet. 

The evaporator consists of a series of coils made of 
tubing which is larger in diameter than the capillary tube. 
As the refrigerant comes out of the restricted capillary 
tube into the larger-diameter evaporator tube, its pressure 
drops. At the same time, it absorbs heat from inside 
the refrigerator cabinet. 

Reduced pressure and heat cause liquid refrigerant to 
start boiling, and it changes back to vapor. The suction 
action of the compressor draws the heat-laden refrigerant 
back into the low pressure side of the system and the cycle 
continues. 

Let's elaborate a bit on the refrigerant. As you know, all 
liquids vaporize at different temperatures and pressure 
levels. For example, water boils and vaporizes at 212® F. at 
sea level. But if pressure on water is increased, it does not 
begin boiling until it reaches a higher temperature. Con¬ 
versely, if pressure on water is reduced, it would begin 
boiling at a temperature lower than 212° F. 

Refrigerant boils and vaporizes at a comparatively low 
temperature, but this can be controlled by increasing or 
decreasing pressure. In your refrigerator, for example, 
the evaporator probably functions at about 0° F. In order for 
refrigerant to vaporize at 0° F., the evaporator has to exert 
a pressure on it of about 1 0 pounds. 

As liquid refrigerant boils and vaporizes, it absorbs 
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eat. To get rid of heat, it is necessary only to increase 
ressure on the refrigerant so its boiling point rises. 

Another component which all refrigerators have in com- 
lon is a thermostat to control the temperature inside the 
abinet. The thermostat responds to slight changes in tem- 
erature and turns the compressor on or off to maintain 
ven coolness. A knob on the thermostat control allows you 
3 select the desired temperature. 

'he "Frost-Free" Refrigerator 

/lOST NEW refrigerators are "frost-free," which is a 
nisnomer, because frost develops In all refrigerators. A 
nore accurate term would be "self-defrosting." 

In a self-defrosting refrigerator, frost that accumulates 
»n the evaporator coil and panels of the box is automatically 
md periodically dissipated. In most cases, an automatic 
imer sets off defrosting action every 24 hours. The actual 
lefrosting device is either a built-in small electric heater 
»r a "hot" gas system. 

At the appropriate time, a small electric heating coil 
leats up quickly, for a brief period, to melt ice from the 
ivaporator coils and panels. With a "hot" gas system, the 
imer mechanism switches on the compressor unit and opens 

solenoid valve on the high pressure side of the system, 
‘his allows hot refrigerant vapors to flow quickly into the 
ivaporator, melting away frost. 

To prevent water (melted frost) from running onto the 
loor, most self-defrosting refrigerators have a drain pan at 
he base of the unit. A drain tube diverts water to the pan, 
vhere it is made to evaporate by a small heater or fan. 

‘he Importance of the Refrigerant Charge in Freezers 

^OME FREEZERS are highly reliable units that give service 
or many, many years. But a problem may arise now and 
hen. These problems, which are outlined for you below in 
:hart form, are covered only briefly because they occur 
nfrequently. However, we have reserved for special mention 
\ere the one problem that occurs most often: low refrigerant 
:harge. 

Every freezer is designed to accept a specific amount of 
Teon. When a freezer develops a refrigerant problem, it 
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does so usually because it does not have sufficient 
refrigerant. The system is undercharged. 

Undercharging may occur from failure of the factory to 
charge the system to capacity. Most times, though, under¬ 
charging results when Freon is lost because of a leak. 

The following will occur if your freezer loses Freon: 

• The compartment will lack normal frost accumulation 
on its sides. 

• The evaporator coil in the compartment will lack normal 
frost accumulation buildup. 

• The temperature inside the compartment will rise. 

• Depending upon severity of refrigerant loss, food may 
soften. 

• The compressor will run continually or for extremely 
long periods. 

• The evaporator will feel warm (during normal operation, 
the evaporator feels cold). 

• The condenser will feel warmer (during normal operation, 
the condenser feels warm). 

Important: When a loss of refrigerant is indicated, the 
entire system must be examined for leaks, and leaks must 
be repaired before the system is recharged. Failure to do 
this will result in further refrigerant loss. 

To be sure, any repairs involving the refrigeration system 
require the services of a qualified refrigeration expert. 
However, if you wish to examine the unit for leaks, these 
are the steps to take: 

Make a closer examination by brushing soapy water on 
joints on the system's so-called high pressure side while 
the freezer is running. The high pressure side includes the 
compressor, condensor and capillary. 

The system's low pressure side must also be checked, 
but with the freezer not running. The low pressure side 
includes the evaporator and suction line (this is the line 
from the evaporator to the compressor). 

Bubbling of the solution points to a leak! 

PROBLEMS, CAUSES, REPAIRS 

FOLLOWING are some of the more common problems 
that afflict home freezers and refrigerators. One standard 
maintenance procedure always should be followed: 

Cleanliness is essential to good operation. Clean dirt 
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and dust from around and beneath the unit often. In par- 
:icular, vacuum dirt and dust from the condensor regularly. 


REFRIGERATOR DIAGRAM 
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Problem: Freezer compartment is too warm 


Possible Causes 

1. Freezer overloaded 
with unfrozen food. 

2. Door opened too 
often 

3. Ineffective door seal 

4. Interior light stays on, 
giving off heat 

5. Defective timer 


Repairs 

1. Add no more than 1 0 
percent of freezer capac¬ 
ity at a time. Give food 
a chance to freeze; then 
add more. 

2. Limit the number of 
trips to the freezer. Every- 
time the door is opened, 
warm air enters. 

3. Close door on dollar 
bill and pull. There 
should be a slight tug. 
If bill pulls loose easily, 
door liner probably 
needs adjusting. 

4. Push in light switch 
button. Light should go 
out—if it does not, replace 
switch. 

5. Test timer for conti¬ 
nuity. Replace timer if 
necessary. 


Problem: Compressor doesn't stop running, 
or runs excessively 

i 


Possible Causes 

1 . Thermostat set too 
high 

2. Poor door seal 

3. Clogged condenser, 
restricting air circulation 

4. Undercharged refrig¬ 
erant 


Repairs 

1. Adjust thermostat to 
warmer setting. 

2. Test with dollar bill 
as explained above. 

3. Use vacuum cleaner 
to remove dust from and 
around condenser coil. 

4. Check for leaks; fix, 
and recharge. 
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Problem; Compressor does not operate 


Possible Causes: 

1. Blown fuse or tripped 
circuit breaker 

2. Defective thermostat 

3. Defective timer 

4. Defective relay 

5. Defective compressor 


Repairs 

1. Replace fuse or reset 
circuit breaker. 

2. Test for continuity 
and replace if faulty. 

3. Test for continuity 
and replace if faulty. 

4. Test and replace if 
necessary. 

5. Test and replace if it 
has failed. 


Problem: Freezer too noisy when running 


Possible Causes: 

1. Unit not level 

2. Loose compressor 

3. Tubing hitting against 
cabinet 


Repairs 

1. Check with carpen¬ 
ter's level and adjust if 
necessary. 

2. Tighten compressor 
mountings. 

3. Adjust tubing so it 
does not rub against 
cabinet. 
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Electric 

Ranges 




A S IN ALL heat-producing electrical appliances, the 
electric range changes electricity into heat by means 
of a nichrome heating element. The elements are 
quite durably built; actually, each element is a 
nichrome wire embedded in an insulating powder and her¬ 
metically sealed inside a stainless steel tube. The elements 
for the surface units are coil-shaped in order to fit in a space 
and size suitable for a cooking utensil to sit on. In the oven 
part, the elements are in the long bent tubular shape that 
distributes the heat fairly evenly in the oven space. Most 
ranges operate from 240-volts alternating current. This higher 
voltage gives quick heat, and a great deal of it, to make the 
range respond to virtually any cooking or baking situation. 

Although all surface units look somewhat alike, there are 
two types of electrical elements; the single element and the 
double element. The double-element type actually is two 
elements — a small spiral coiled inside a larger spiral — as 
you can see from Figure 1. Three wires go to the elements, 
supplying both 120 volts and 240-volts. So, with two 
voltages and two elements, the heat selector switch or push¬ 
button set can select voltage and element combinations for a 
variety of temperatures from just warm to very hot. 

But even five switch settings often are not considered 
enough for the modern housewife. In the single-element 
surface unit, the switch (called an infinite heat selector) 
cycles the element on and off, increasing the length of the on 
time as the switch is advanced — thus allowing a wide range 
of heat selections. Some units even have a thermostat sensor 
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positioned in the very center of the element where it "feels” 
the bottom of the cooking pan and holds some set tempera¬ 
ture at that point. 

Three "troubles" can keep the range surface unit from 
heating: a burned-out element, a bad switch, or a blown fuse. 
Another possible cause, defective wiring, is rather rare; it 
usually occurs right at the element, and is caused by a poor 
attachment between wire and heating element. 

Before investigating any trouble in a range, always dis¬ 
connect the power by pulling the fuses or tripping the circuit 
breakers. Usually the surface unit element can be lifted or 
hinged outward after removing the snap ring. Use the test 
lamp described in the Continuity Tester chapter to determine 
if the element or elements are burned out. The continuity test 
lamp also can be used on the switch to see if pushing the 
button actually closes the switch contacts. Both replacement 
elements and replacement switches are available, but be sure 
to tag wires before disconnecting them to make sure of 
correct reattachment. 

Thermostats 

OVEN UNITS are thermostatically controlled, but the oven 
thermostat is different from the bimetallic kind described in 
the chapter on Thermostats. The same thermostat handles 
both the broil (upper) and bake (lower) elements. Notice in 
Figure 2 the slender tube called the thermostat bulb. The bulb 
contains a fluid that expands when heated and, in expanding, 
presses against a bellows. Movement of the bellows trips a 
switch. Alteration of the temperature control knob changes 
the space between bellows and switch contacts, which 
changes the cycling and therefore the oven temperature. 

There is an adjustment on the thermostat. In many ovens, 
pulling off the temperature knob reveals the adjusting screw 
(Figure 3). Turn the oven on and place a thermometer on the 
racks (Figure 4). After the thermometer temperature rises, 
allow it to settle; then change the adjustment until the pointer 
on the knob agrees with the oven thermometer. 

One of the special features offered in many electric ranges 
is a timer. On an electric range, you set the timer for a 
specific start time, and you set the oven control to the 
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temperature you want. At the preset time, a cam — which 
has been rotating on the motor shaft — hits a switch that 
automatically turns the element on. Food is cooked for the 
desired time, and the range automatically switches off 
(although most ranges have a provision for keeping the 
element at low temperature to keep food warm). 

Another feature found on some ranges is a self-cleaning 
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oven. Self-cleaning is nothing more than the generation pf 
super heat — 800 to 1200 degrees. A self-cleaning oven is 
controlled by its own special switch and a high temperature 
thermostat that permits oven heating elements to operate at 
their highest possible temperature. This temperature, of 
course, is too hot for cooking; it is completely separate from 
the cooking controls, with its own switch. 

The extreme temperature burns up spilled and baked-in 
foods, charring them to a fine powder which is easily wiped 
away. Self-cleaning ovens incorporate a safety locking feature 
that makes it impossible to open the oven door while the 
cleaning process is taking place. The door remains locked 
until the oven has cooled. 

No heat in the oven means a burned-out element, a faulty 
thermostat, or a defective switch. Test each of these with the 
test lamp. No light from the test lamp means that the oven 
part is bad. Repair the oven by installing a replacement part 
that is an exact duplicate of the defective part. 

PROBLEMS, CAUSES. REPAIRS 


Problem: Oven light fails to operate. 


Possible Causes 

1. Bulb burned out. 

2. 15 amp fuse "Open." 

3. Inoperative switch. 


Repair 

1. Replace. 

2. Replace. 

3. Check for continuity 
across oven light switch 
terminals. If no continui¬ 
ty, replace switch. 


Problem: Convenience outlet inoperative. 


Possible Causes 

1.15 amp fuse "Open." 
2. Clock-Timer not "Set." 


Repair 

1. Replace fuse. 

2. Set clock for automat¬ 
ic operation. 
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Figure i 


Heating Element 


Thermostat Bulb 
> 


Figure 2 
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3. Defective Clock-Timer 3. Check continuity. If no 
switch. continuity, replace Clock- 

Timer. 

Problem: Fluorescent light doesn't light at all. 


Possible Causes 

1. Burned out bulb. 

2. Open ballast. 

3. Inoperative switch. 

4. Lamp not making 
contact with lamp holder. 


Repair 

1. Replace. 

Hold switch longer in 
start position. 

2. Check continuity 
across ballast. If no con¬ 
tinuity, replace ballast. 

3. Check continuity 
across terminals. If no 
continuity, replace switch. 

4. Replace lamp holder 
or adjust holders to 
make contact. 


Problem: Fluorescent light lights on ends only 
and/or flickers. 


Possible Causes Repair 


1 . Defective 
light. 

2. Defective 
Switch. 

3. Defective 
mostat. 


indicator 
Cook-Clean 
Oven Ther- 


1. Replace. 

2. Replace. 

3. Replace. 


Problem: Single surface elements inoperative. 


Possible Causes 

1. Burned out elements. 

2. Defective Terminal 
Block. 


Repair 

1. Check continuity; if 
open replace. 

2. Replace. 
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3. Loose wires 3. Connect wires. 

4. Defective infinite 4. Replace, 
switch 


Problem: Surface element overheats. 

Possible Causes Repair 

1. Defective Infinite 1. Replace. 

Switch. 


Problem: Oven will not bake with selector 
set on "Bake." 


Possible Causes Repair 


1. Defective thermostat. 

2. Loose connection. 

3. Defective selector 
switch. 

4. Defective bake relay. 


1. Have replaced. 

2. Have repaired. 

3. Have replaced. 

4. Have replaced. 


Problem: Oven will not operate manually. 


Possible Causes Repair 

1. Timer not set for 1. Set for manual op- 
"manual." eration. 

Problem: Oven will not bake with selector switch 
set on "Timed Bake." 


Possible Causes 

1. If oven comes on when 
selector switch is set on 
"Bake," there is a pos¬ 
sibility of defective selec¬ 
tor switch. 


Repair 

1. Check for continuity 
across appropriate ter¬ 
minals. If no continuity, 
replace selector switch. 
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Figure 3 


Thermostat Adjustment 


Timer 


Figure 4 



How to verify thermostat knob calibration 
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2. Defective Clock-Timer. 2. If no continuity be¬ 
tween appropriate termi¬ 
nals on Clock-Timer 
Switch, replace Clock- 
Timer. 


Problem: Oven does not Broil. 


Possible Causes 

1. Defective Broil Relay. 

2. Defective Selector 
Switch. 


Repair 

1. Have replaced. 

2. Check continuity be¬ 
tween appropiate termi¬ 
nals. If none, replace. 


Problem: Oven door will not open. 


Possible Causes 

1. Cook Clean Switch 
must be turned to "Off." 


2. Main circuit breaker 
or fuse "Open". 

3. Door latch motor de¬ 
fective. 

4. Check for one or more 
of the following switches 
being defective: Motor 
limit switch. Door switch 
Cook Clean Switch, 
Oven Thermostat. 


Repair 

1. Cook Clean Switch 
defective; replace. 
Microswitch on electro¬ 
mechanical linkage inop¬ 
erative-replace. 

If the "Cook Clean" 
Switch is turned back to 
bake before one minute 
has elapsed, the oven 
door will not open. 

2. Reset circuit breaker 
or replace fuse. 

3. Check continuity of 
motor. If open, replace 
motor. 

4. Check continuity of 
switches. If open, replace 
the switch in question. 
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5. Broken or loose wires 
or terminals. 

6. Cool down period not 
complete. 


5. Check for broken or 
loose wires and repair 
same. 

6. Wait until lock light 
goes out. 


Problem: Oven overheats or "runaway.” 


Possible Causes 

1. Defective thermostat. 

2. Relay sticking. 

3. Defective or miswired 
Clean Limit Switch. 

4. Thermostat bulb not 
in oven. 


Repair 

1. Adjust or replace. 

2. Replace. 

3. Replace switch or 
correct wiring. 

4. Replace. 
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T he purpose of a humidifier is to add moisture to 
dry household air, especially in cold weather. Mo¬ 
dern heating systems, particularly forced air types, 
: dry the air, and pull (evaporate) moisture from the 

.structure and furnishings. Dry air is a direct cause of cracked 
jrt/alls, squeaking floors, loose doors and windows, cracked 
baint, peeling veneer, and excessive rug wear. 

Dry air is also a suspected cause of human ailments. 
Doctors find a direct relationship between dry air in the home 
and respiratory infections, frequent colds, and dry, itchy skin. 

Furthermore, dry air worsens the energy shortage and 
wastes money. The comfort level in a home is increased one 
degree for every eight percent of humidity in the air. To raise 
the heat in your home above the 70° level, heating costs rise 
about 3 percent for each degree. 

By increasing humidity, instead of heat, you save the cost 
of turning your thermostat higher and making your furnace 
work longer and harder. 

There is a percentage of relative humidity that should not 
oe exceeded, since excessive moisture in the air can do as 
much damage in a home as lack of moisture (see the section 
on dehumidifiers). This level is around 70 percent at 70°. 

The ideal relative humidity for maximum comfort, and 
protection of health and property, in a home is 30 to 40 
percent with the temperature at 70 degrees. Yet the fact is 
that in many homes in the United States today the relative 
oumidity is only about 1 3 percent during the heating season. 

You can achieve the ideal relative humidity in your home 
with a humidifier. There are two general types: those that fit 


[CONSUMER GUIDE 


117 




Humidifiers 


HUMIDIFIER DIAGRAMS 


VAPORIZING-TYPE HUMIDIFIER 



Hot Dry Air 


Furnace Plenum 


EVAPORATIVE-TYPE HUMIDIFIER 


Furnace Plenum 



ATOMIZING-TYPE HUMIDIFIER 



118 


CONSUMER GUIC 































t 


I Humidifiers 

^in a furnace, and separate room units. Several models of each 
ikind are available. 

•How Humidifiers Work 

THE LEAST EXPENSIVE and most common type of humidifier 
is the evaporative-plate model, installed in the furnace 
plenum. A water line leads into the humidifier pan from a 
main water pipe. Plates mounted in the pan absorb the water 
by capillary action; this moisture is picked up off the plates by 
the movement of air in the furnace and circulated through the 
i, house. 

!j There are no moving parts in an evaporative humidifier with 
the exception of the float assembly which is used to control 
the water level. This assembly is similar in action to the float 
assembly in a water closet. When the water level drops, the 
float drops and pulls a small valve off the water inlet seat. With 
.the valve open, water can flow into the pan. When the water 
irises, the float rises and drops the valve against the water 
inlet seat, shutting off the flow. 

j Another kind of humidifier is the vaporizer model. Some 
types can be mounted in the furnace; larger units are made for 
placement in a room. These are the vaporizers mothers are 
familiar with for use in a youngster's room to ease the pain of 
breathing and coughing in a dry atmosphere. 

" Vaporizers generally use an electric immersion heater that 
heats water to form steam. This steam is sprayed out, much 
like the steam that comes from the spout of a tea kettle. In a 
furnace model, the steam is absorbed directly into the duct 
and is circulated through the house with heated air. 

I Another type of humidifier is the atomizing model. It is 
liinstalled either in the furnace plenum or cold air return, 
depending upon the model. Water from the humidifier pan is 
atomized (sprayed) by a rotating motor-driven pick-up mecha- 
jnism into the plenum or cold air return where moving furnace 
air picks it up for circulation. 

The most popular type of room humidifier works on the 
atomizing principle. It is simply a large-diameter wheel 
mounted on two small drive pulleys which are driven by a 
motor. The motor also drives fan blades. The wheel holds a 
fiberglass-type pad that extends around its entire circum- 
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ference. Beneath the wheel is a large reservoir which hold; 
many gallons of water. 

As the wheel slowly turns, the pad becomes saturated witi 
water. The fan blows this moisture off the pad and into thi 
room air. 


PROBLEMS. CAUSES, REPAIRS 

NO MATTER what type of humidifier you have in your home 
it needs periodic maintenance. Without it, the unit may soot 
become clogged, especially in hard water areas, making i 
doubly difficult to clean. Furthermore, the unit may star 
emitting an odor from stale water if parts are not kept clean. 

Most humidifiers should receive care about once every sit 
weeks during the heating season. Clean water pans witI 
detergent. Scrape away calcium deposits with steel wool. Yoi 
can cut down on the amount of these tenacious deposits witI 
water-treatment solutions sold in hardware stores. 

Motors of some humidifiers may require lubrication. Consul 
the instruction guide for your unit to determine its needs 
Only a drop or two of household appliance motor oil is 
needed. 

Plates of evaporative humidifiers usually have to b« 
replaced every three years. Be sure that the parts of the floa 
assembly are kept free of deposits. 
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T OO MUCH MOISTURE in household air occurs most 
often in summer when warm, moist air contacts cool 
surfaces — like basement floors — and the moisture 
in the air condenses. (Too little moisture, which is 
jst as damaging, occurs primarily during winter — see the 
fiapter on humidifiers). Excessive moisture causes mold and 
iiildew on home furnishings; rusting of household metal 
omponents; warping of furniture and wooden structural 
•laments, such as doors and windows; and an unpleasant 
lusty smell. 

A dehumidifier is an appliance that draws moisture from the 
ir to prevent these problems, especially in homes not 
Equipped with air conditioning. Air conditioners, when oper- 
ting, not only cool the air, but dehumidify it as well. 

The ideal relative humidity in a home during the summer is 
0 to 50 percent. If moisture seems excessive and is causing 
ome of the problems listed above, a dehumidifier may be 
ecessary. 

low Dehumidifiers Work 


HE CONTROL of the unit is a component called a humidistat, 
luch like a thermostat. When moisture in the air reaches an 
ndesirable level, contacts close to let current flow. This 
jrns the dehumidifier on, and it pulls moisture from house- 
old air. 

Odd though it may seem, the dehumidifier does this 
trough the principles of refrigeration. Since refrigerating 
pooling) air also removes moisture from it, the design of a 
lehumidifier follows closely the design of all appliances 
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DEHUMIDIFIER DIAGRAM 

Front Grille Motor Fan 



based on refrigeration, including refrigerators, home freezers, 
and air conditioners. 

Refrigerant (usually Freon 12) is circulated through the 
system by means of a compressor driven by a split phase 
motor. Both compressor and motor are closed up in a 
hermetically-sealed unit. Freon is pumped by the compressor 
from the evaporator into the condenser, where it liquifies and 
gets hot. The Freon then seeps through a long thin capillary 
tube into the evaporator where it vaporizes and gets cold. 

A fan pulls room air through both the condenser and the 
evaporator coils. Since it is both warmed by the condenser 
and cooled by the evaporator, the air temperature is not much 
changed; probably it is a little bit warmer. The big happening 
is that airborne moisture forms like dew on the cold 
evaporator coil. So the air that comes out is drier than the air 
that entered the dehumidifier. The moisture drips off the 
evaporator coil either into a pail or through a plastic tube into 
a sewer drain. 
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The whole refrigeration system is designed to be balanced 
so that the "dew” drips off as moisture instead of freezing up 
and forming ice on the cold evaporator coil. In fact, coil 
frosting generally indicates that some Freon has leaked out of 
the system. 

Located in the entering air stream is the humidistat. Its 
humidity sensor is a nylon strip that stretches when moist and 
shrinks when dry (nylon naturally does this). When the 
entering air is sufficiently dry, causing the sensor strip to 
shrink, and shrinkage pulls against a switch lever, turning off 
the compressor motor. 

Maintaining a Dehumidifier 

REMOVE THE POWER cord from the wall outlet. Remove the 
outer shell, then clean the unit thoroughly. Do this at least 
once a year. Wipe evaporator coils with a clean rag, and 
vacuum out the dust and lint from condensor coils and from 
other areas inside the unit. 

Consult manufacturer instructions to see if the fan motor 
needs lubrication, or, after unplugging the unit, examine the 
motor to see if it has oil ports. Apply a few drops of heavy¬ 
weight household motor oil (comparable to 20-weight oil) to 
the ports. 

Once each month during the period that the unit is 
operating, clean out slimy deposits that form on the bottom of 
the drain pan. Use a scrub brush. These are mold and algae 
deposits and, to keep your home a healthy one, they should 
not be allowed to accumulate. 


PROBLEMS, CAUSES, REPAIRS 


Problem: Unit will not run 
Possible Cause 

1. Humidistat set too 
high 

2. Overflow switch reads 
"on." 

3. Bad fuse or tripped cir¬ 
cuit breaker 


Repair 

1. Lower setting. 

2. Make sure water level 
is not at peak. Empty drain 
pan. 

3. Replace fuse or reset 
circuit breaker. If problem 
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4. Defective power cord; 
problem with internal wir¬ 
ing. 

5. Humidistat is not work¬ 
ing 

6. Bad overflow switch 


recurs, call an electrician 
— there is an electrical 
problem. 

4. Test continuity with 
meter. Replace faulty wir¬ 
ing. 

5. Test switch; replace if 
defective. Inspect sensor 
strip. If defective, replace 
entire humidistat. 

6. Check switch and float 
linkage. Replace bad 
switch or fix bent linkage. 


Problem: Fan does not operate; refrigeration system 


is all right. 
Possible Cause 

1. Fan motor binds 


2. Fan motor electrically 
defective 


Problem: Unit operates, 
is not adequate. 

Possible Cause 

1. Area being treated is 
subjected to continuous 
moist, warm air flow. 

2. Air flow through unit is 
obstructed. 


3. Size of unit is not ade¬ 
quate for area being treat¬ 
ed. 

4. Low refrigerant charge 
as indicated by evaporator 
coil freezeup, or total lack 
of moisture accumulation. 


Repair 

1. Disassemble motor, 
and clean and lubricate 
bearings. If trouble con¬ 
tinues, replace motor. 

2. Check continuity with 
meter or test lamp. Re¬ 
place motor if necessary. 

but dehumidifying action 

Repair 

1. Close doors and win¬ 
dows; isolate area. 

2. Be sure grilles are not 
blocked — keep unit away 
from wall. Clean evapora¬ 
tor and condensor coils. 

3. Get larger unit, or a 
second unit of the same 
size. 

4. Have unit checked for 
leaks; have leaks repaired 
by technician. Have unit 
recharged. 
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A FOOD MIXER is nothing more than an old-fash* 
ioned egg beater that has been equipped with a 
small electric motor, which relieves you of pro¬ 
viding the drive energy. Mixers are either portable 
handheld units or stand appliances in which the bowl 
holding the food fits on a base plate and the two beaters, 
locked into an upper arm, hang down into the bowl. 

Whether portable or fixed, mixers operate pretty mucn 
in the same way. The small electric motor is positioned 
horizontally in the mixer housing. The front of the motor 
has a shaft, the end of which is cut out in gear fashion. 
This is called the worm. 

As the electric motor revolves, the worm also revolves. 
The worm, in turn, drives two small gears called pinions. 
These pinions are located on opposite sides of the worm 
so that when the worm turns the pinions rotate in opposite 
directions—one clockwise, the other counterclockwise. 
Locked into the pinions are the beaters, also rotating in 
opposite directions as the pinions rotate. 

Other important components of a food mixer include a 
fan on the other end of the motor which cools the parts 
to prevent overheating and deterioration, and an off-on 
variable speed switch. The switch not only turns the unit 
on and off, it also permits you to adjust the motor speed 
from low to high to meet mixing requirements. By means 
of the switch, you reduce or Increase electric power to the 
motor, driving it slowly or at higher speeds. 
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PROBLEMS, CAUSES, REPAIRS 

FOOD MIXERS fail as a result of an electrical break¬ 
down or mechanical malfunction. 

Electrical failure can be minor or major. Minor failures 
are those that can be repaired relatively easily and in¬ 
expensively. They are discussed below. 

Major failures, particularly complete breakdown of the 
electric motor, are expensive to repair. It is important for 
you to determine the cost of a major repair before you 
make a commitment to have the work done. Often, the cost 
of repair will equal or exceed the cost of a new mixer. 

Minor problems include the following: 

1. Damaged power cord. Try a new cord. Frequently, 
wires in the cord are pulled apart. When this happens, 
electric power cannot get through to the motor. To reach 
the motor end of the cord, you must partially disassemble 
the mixer. Follow the diagram, and use the manufacturer's 
information that accompanies the appliance. 

Important: To prevent damaging a power cord, pull 
only on the heavy plug end. Never pull on the cord it¬ 
self to disconnect it from a wall outlet. 

2. Worn brushes. 

Appliances equipped with the kind of motor that has an 
armature—called a universal motor—have two brushes. When 
you remove the screw caps located on the side of the 
appliance, you can take out the brushes to check them. 
Mixer motor brushes should be about 3/4-inch long. The 
springs fastened to the brushes should have good tension. 
Brushes worn too short, or with weak springs, should be 
replaced. For true fit, be sure to use exact replacement 
brushes from the manufacturer or a dealer who stocks 
parts for your brand of mixer. 

Also check wires leading to brushes to see that they 
are not broken or disconnected. 

3. Bad switch. 

The mixer switch, which is usually combined with a gov¬ 
ernor-type of speed controller, is not easily replaced; 
even when replaced, it often needs adjustment requiring 
the know-how of an experienced technician. This is a major 
problem—not one for the layman to tackle. 

A mechanical problem with a mixer involves stripped 


CONSUMER GUIDE 


127 


Food Mixers 

gears, usually one of the pinions. The worm gear on the 
motor shaft is made of hard steel, so it seldom will be 
damaged. However, pinions are made of soft brass, plas¬ 
tic, or nylon. Damaged gears can be replaced at little 
cost. 

Sometimes the problem with a food beater is the simplest 
kind: bent or damaged beaters or a "dry" bearing under 
the bowl platform. One part of mixing food Is pushing the 
batter down from the sides of the bowl into the center 
where the beaters can mix it thoroughly. If the utensil 
used to push down the batter touches, or gets caught in, 
the beaters, the beater blades will bend or twist. Once this 
happens, they will not turn properly. Nor can they be 
repaired. They are easily replaced, though you must make 
sure that you buy only beaters made for your blender. 

The revolving platter beneath the bowl of the mixer 
(found on almost all mixers), works on a simple bearing. 
If the bearing dries out, lubricating it with household oil 
will permit It to spin freely which, in turn, permits your 
bowl to turn as the beaters revolve. 

With a mixer, as with all appliances, it is best to check 
out the simple things first, before getting involved in 
intricate repairs inside a unit. 
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A ROASTER OVEN is a large steel case insulated 
with heavy rockwool to retain heat. Heat for roast¬ 
ing and baking comes from elements built into the 
sides and bottom of the case. Broiler-ovens have 
heating elements in the top and bottom, to permit roasting, 
baking, and broiling. 

Cooking temperature is determined by the amount of elec¬ 
tricity allowed to pass through the heating elements and also 
by the number of elements that may be in use at any one 
time. You control the temperature by means of a dial on 
the outside of the unit; the higher you set the dial (which 
uses the same degree settings as an oven) the more electricity 
flows through the elements, and the more elements come Into 
use. 

The case of a roaster-oven normally opens at the top (the 
lid is removable) and food is placed on a rack. The heavy 
lid is then placed back in position, and the roaster is turned 
on. Roasters are usually large enough to cook large roasts 
and good size turkeys. Broiler-ovens open at the front; the 
door—usually made of glass—pulls down and rests on the 
table while food is put in or removed. 

A rotisserie is similar to a broiler-oven, but with a heat 
element only in the top, and a spit for turning the food as 
it cooks. The door of a rotisserie also opens downward to 
rest on the table while the spit is being put into place. The 
component that distinguishes roasters from rotisseries is 
an electric motor used by rotisseries to drive the gear train 
that rotates the spit. 

The cooking time of both roasters (roaster ovens and 
broiler ovens) and rotisseries is controlled by a clock mech¬ 
anism. This may be a mechanically spring-wound motor or 
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a small electric motor. In either case, an operating rod J 
starts moving when the timer is set. At the end of the pre- ! 
set cooking period, the rod comes in contact with a small , 
block of Insulation on the end of a thermostat blade. This 
pushes the blade, which in turn pushes open a set of con- , 
tact points, breaking the flow of current to the appliance 
and shutting off heat. 

In the rotisserie food is threaded onto a large skewer or 
spit. One end of the spit rests in a curved area which allows 
it to turn freely. The other end is set into a notch which is 
the output end of the gear train. 

The gear setup contains a small pinion gear on the elec¬ 
tric motor shaft. A pinion Is a gear that drives a larger 
gear. The pinion turns the first gear; the first gear has its 
own small pinion on its shaft. This pinion drives the large 
second gear. 

It is the second gear that has the notch cut into its center 
to hold the square end of the spit. Thus, as the second gear . 
rotates, the spit held by the notch also rotates. 


Roaster and Rotisserie Problems 


ALTHOUGH ROASTERS and rotisseries usually last for 
years without problems, when trouble does occur it comes 
in one of three ways: the unit does not go on, it gets too 
hot, or it does not get hot enough. 

When a unit fails to go on, the problem in most cases is 
either a bad on-off switch or a heating element that has an 
open wire. The switch or element then must be replaced. 

If the unit gets too hot or does not get hot enough, the 
trouble most likely is with the thermostat that controls 
heat. The thermostat includes the blade and contact points 
controlled by the clock mechanism. Replacing the thermo¬ 
stat usually solves the problem since points must make 
contact (or break it) cleanly for electricity to flow to heat 
the unit to the temperature you desire. 

The gears of a rotisserie electric motor can lose grease 
because of screws that come loose and allow the 
grease to seep out. When this happens, the gears bind, 
or freeze, and will not turn. If this happens, remove the 
gears, clean them, replace any that may be bent or 
otherwise damaged, and relubricate them with light oil. 
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ROASTER AND ROTISSERIE DIAGRAM 
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PROBLEMS, CAUSES, REPAIR 


Problem: Unit does not go on 


Possible Cause: 

1. Bad on-off switch 

2. Heating element has an 
open wire 


Repair: 

1. Replaceswitch with one 
made by the manufacturer 
for your model. 

2. Replace the element 
with one made by the man¬ 
ufacturer for your model. 


Problem: Units gets too hot or not hot enough 


1. Malfunctioning thermo- 1. Check contact points; 

stat replacing them usually 

solves the problem. 


Problem: Rotisserie will not turn 


1. Loss of grease 1. Removethegears,clean 

them with a solvent, re¬ 
place any that are bent or 
damaged, and relubri¬ 
cate with a light oil. 
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Openers 'v: 


T here is nothing very complicated about the way 
in which an electric can opener works. When you 
place the can into position between the cutting knife 
and serrated drive wheel, and press the starting 
ever, several things happen: you lock the can in place, you 
irive the cutting knife into the can, and you cause a small 
Hectric motor to start. 

The motor drives a train of reduction gears, which turns the 
jerrated drive wheel. As the drive wheel turns, it slowly 
noves the can in a circular motion. This allows the sharp 
cutting knife to do its work of cutting off the lid. When the 
:utting knife comes full circle to the "open space" between 
he cut lid and the side of the can, pressure is relaxed on the 
jtarting lever. (On some models, the user must release 
)ressure when the cutter comes full circle.) This causes the 
ever to switch off the electric motor. 

Repairing Electric Can Openers 

\ FREQUENT CAUSE of failure in an electric can opener is 
’ailure of the cutting knife. This leads to a skipping of the 
cnife: instead of cutting off lids cleanly, it leaves uncut gaps 
:hat you must try to catch on a second or third time around. A 
cutting knife fails because of dirt and food build-up. Keeping 
t clean, then, is the first requirement for smooth operation. 

You must remove the cutting wheel and knife assembly to 
:lean them properly. First, pull the power cord from the wall 
outlet. Then loosen and remove the screw that holds the 
assembly in place. Observe the shoulder location on the 
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cutting wheel to be sure you put it back the right way after 
cleaning. With the cutter out of the way, it is easy to scrape 
out the accumulated dirt between the teeth on the serrated 
drive wheel. If an inspection shows that the cutting wheel is 
no longer sharp, obtain a replacement cutting wheel. Soak the 
assembly in soapy water. After cleaning and drying the cutter 
wheel, place a few drops of household oil on the shaft the 
wheel fits on, then reattach the wheel. It is important that the 
wheel rotate while cutting, and if put back in place dry, the 
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jutter might "freeze” on the shaft and fail to turn. 

If an electric can opener refuses to turn on, the problem 
)robably is either a faulty cord or a defective OFF/ON switch. 
\ power cord fault occurs when wires are damaged by owners 
)ulling the cord. When removing the power cord from the wall 
jutlet, pull only on the thick plug. 

If the switch is bad, it can be reached only by disassembling 
he appliance. The diagram shows the location. 

The can opener may refuse to turn on because of a worn 
frive wheel or gears. To replace defective parts, it is 
lecessary to dismantle the appliance. Remove the screws 
hat hold the case on, then remove the case. Examination will 
jsually reveal the way to remove and replace the cord, switch, 
notor or gears. If a grinding wheel is mounted on the motor 
shaft, observe its condition and, if it is worn, replace it with a 
tew wheel. If gears are replaced, make sure they are properly 
ubricated. Broken or defective parts can be replaced with 
fuplicates obtained either from the parts department of an 
appliance dealer selling your particular brand, or by writing to 
:he manufacturer. 

Motor burn-out is quite rare, since the shaded pole motor in 
a can opener can carry current indefinitely with the rotor 
ocked and not burn out. But occasionally a motor must be 
•epiaced because of bearing wear. In this case, check the cost 
Defore committing yourself to a repair. Often repair runs as 
nigh as, or higher than, the cost of a new unit. 

PROBLEMS, CAUSES, REPAIRS 

Problem: Cutting knife skips instead of cutting 

Possible cause: Repairs: 

1. Dirt in knives 1. Remove cutting as¬ 

sembly and soak in hot 
soapy water until dirt 
floats away. 

Problem: Unit will not turn on 
Possible cause: Repair: 

1. Damaged power cord 1. Replace cord 
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2. Burned out motor 2. Replace: but check cost j 

first; it may be less ex- d 
pensive to buy a new I 

unit. 

Problem: Motor hums but knife will not turn 
Possible cause: Repair: 

1. Broken or damaged 1. Replace gear 

gear duplicate made for your 

brand of can opener. 

Problem: Excessive noise 
Possible cause: Repair: 

4 

1. Broken or damaged 1. Replace as above < 

gear 


I 


with 
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Coffee 
makers 

N ELECTRIC coffee maker is either a percolator 
or brewer that makes from two to eleven cups of 
coffee. Larger urns which have a 25 to 50 cup 
capacity also are available. Whether small or large, 
)ercolator or brewer, all coffee makers work in much the 
;ame way. Let's discuss percolators first. 

The working parts of the unit consist of a heating element, 
hermostat and connecting wires, located in the base of the 
ippliance. The base is usually made of plastic so the per- 
lolator can be placed on a counter or table without burning 
he surface. The pot itself may be made of aluminum, stain- 
ess steel, glass, plastic, or ceramic. 

The object of a percolator is to force water repeatedly up- 
vard, so it seeps down through the coffee grounds. Cold 
vater is poured into the pot, the basket is filled to the 
)roper level with ground coffee, and the electric cord is 
)lugged into a wall outlet. The water soon begins boiling 
rigorously. 

This forces water beneath the small dome-shaped disk of 
he stem and up the tube in a gush so that it hits against 
he glass cap in the lid. This allows water to spray out over 
he basket that holds the coffee. The water seeps through 
he coffee and through the holes in the basket back into 
he pot. As water continues to filter through the ground 
coffee, it picks up more flavor. The sequence keeps occur- 
ing until the coffee has reached the desired strength. 

Most electric coffee makers are equipped with a control 
hat allows you to vary the strength of the coffee to your 
aste. This control is nothing more than a thermostat 
/vhich cuts off power at a predetermined point in the per¬ 
colating cycle. In many electric percolators, a small in- 
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ELECTRIC COFFEE PERCOLATOR DIAGRAM 
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dependently-operating element of very low voltage remains 
on as long as the power cord is connected to keep coffee 
hot. 

Some electric coffee percolators do not have thermostats 
that can be set. Their thermostats are built-in and set for 
you at the factory. Coffee is made to one strength which can 
be varied only according to the amount of coffee you put 
into the basket. 

Electric coffee brewers work in a similar fashion. Cold 
water is put into the lower bowl and coffee is placed in the 
upper bowl on top of a filter that is made of paper or 
cloth. The two bowls are attached. 

Power is turned on, and water begins to boil vigorously. 
Steam pressure forces the boiling water up through a center 
tube until the bottom bowl is practically empty. After water 
passes into the upper bowl, a thermostat shuts off the heat. 

The hot water overspreads the coffee. Then, as the lower 
bowl begins to cool down, a vacuum develops that literally 
pulls the water from the upper bowl into the lower bowl, 
picking up flavor as it filters through the ground coffee. 
The coffee passes between the two bowls, but the grounds 
are kept in the upper bowl by the filter. A low voltage heat¬ 
ing element then turns on automatically to keep the coffee hot. 

PROBLEMS, CAUSES, REPAIRS 

COFFEE PERCOLATORS and brewers are simple appli¬ 
ances that seldom give trouble. When they do, the problem 
is often easily fixed. 

Percolators 


, Problem: Unit does not heat up 


Possible Cause: Repair: 


1. Faulty power cord 
connection 


2. Bad power cord 


1. Be sure power cord is 
firmly connected at termi¬ 
nal prongs and in wall 
socket. 

2. With cord plugged in, 
bend it back and forth 
over its length. If appli¬ 
ance turns on, cord is bad. 
Replace. 
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3. Open heating element 3. Have percolator tested 

for continuity. Repair or 
replace if element is bad. 

Problem: Unit does not maintain heat 


Possible Cause: 

Repair; 

1. Incorrect thermostat 
setting 

1. Readjust and test by 
placing a thermometer in 
percolator after making 

coffee and with basket and 
tube removed. With ther¬ 
mostat set at "medium” 

2. Faulty thermostat 

setting, temperature should 
be about 212°. 

2. Replace. 


Problem: Unit does not pump water 


Possible Cause: 

Repair: 

1. Clogged tube or well 

2. Bad washer in base 
of tube (washer assists 
in pumping water up 
tube) 

1. Clean out sediment. 

2. Replace. 


Problem: Bad tasting coffee 


Possible Cause; 

Repair: 

1. Dirty pot 

1. Buy electric percolator 
cleaner at hardware store 
and use as directed. 


Note: Many of the problems afflicting a percolator 
can also trouble a coffee brewer, so where applicable 
refer to the chart above. But here are some troubles 
that belong to brewers alone. 
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Brewers 

Problem: Water doesn't 
Possible Cause: 

1. Improper thermostat 
adjustment 

2. Inoperative main heat¬ 
ing element 


it to top bowl 
Repair: 

1. Readjust. 

2. Test continuity and re¬ 
place. 


Problem: Coffee boils over 
Possible Cause: Repair: 

1. Improperly positioned 1. Position filter correctly, 
filter. 

2. Leaky gasket 2. Replace gasket. 



Glass Lid 


Coffee Basket 


Pump Tube 
Pump Tube Base 

Coffee Strength 
Control Knob 


Valve Disc 


Contact Points and 
Thermostat Blade 
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Toasters^ ^ 


T oasters have been with US since shortly after 
the invention of the electric light. Basically, 
a toaster is sinnply a few heating elements that 
produce radiant heat to toast (brown) slices of 
bread. Most toasters have three heating elements so that 
two slices of bread may be toasted at the same time. Some 
toast four slices at once. 

In most toasters, the heating elements are connected 
In parallel—that is, they are connected together in such a 
way that they operate off one conductor. This means that 
electricity going to one element from the conductor passes 
through to the other elements. 

Operation of the elements is controlled by an automatic 
switch—a timer that is controlled either by a thermostat 
or by a clock mechanism. 

When you push down the rack holding the slices of bread, 
the toasting cycle begins—electricity flows through the 
heating elements. At a time determined by the control 
you set, the timer automatically causes the heating ele¬ 
ments to turn off, and the toasted bread to pop up. 

To be more specific, the heating elements of toasters 
are made of an alloy called Nichrome that has great 
resistance. Nichrome, which is made of a combination of 
nickel and chromium, is the substance used in most 
appliances with heating elements. 

In a modern pop-up toaster, when the rack holding 
the slices of bread is pushed down, it engages a mechanical 
latch, which holds it down. In this position the rack closes 
the contacts of a switch at the bottom of the case, which 
allows current to flow, and the Nichrome elements to 
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become red hot. Closing of the contacts also activates the 
automatic timer. 

• The length of the toasting time is set by the adjustment 
of the automatic timer. Two basic types of timers are used: 

1. One kind of timer is a thermostat that bends when it is 
heated. The bending releases a set of points that in turn 
trips the mechanical latch which was holding down the rack. 
When the rack is freed, it pops up. Besides tripping the 
latch, the released points also break the circuit which al¬ 
lows current to flow to the heating elements. By setting 
an adjustment mechanism on the outside of the toaster 
case for darker or lighter toast, you place more or 
less tension on the bimetal thermostat. 

2. The other type of timer is a clocking mechanism 
that is a spring-wound device. When the rack is pushed 
down, the pressure causes a spring to wind tightly; at the 
same time, a circuit is closed which allows current to 
flow. The electric current starts a clocking device. As 
the clock runs, it moves a small gear toward a trigger. 
At the end of a preset time (which you determine by setting 
the toast control), the gear activates the trigger to release 
the rack. 

Some toasters use a combination thermostat and clocking 
mechanism. With this combination, the clocking mechanism 
depends on the thermostat. When the thermostat bimetal 
reaches a preset temperature, the clocking mechanism 
begins ticking off toasting time. This dual mechanism 
provides better control over the desired degree of toasting 
(light, medium, or dark) than either the simple thermostat 
or clocking mechanism. 


PROBLEMS, CAUSES. REPAIRS 


SINCE THE average toaster operates for only a few minutes 
each time it is used, the appliance seldom fails electrically. 
The strong wire elements give years and years of service. 
Therefore, most toaster problems are mechanical. 

Crumbs that drop into the unit can clog the release 
latch and other moving parts. The best way to avoid this 
is to clean your toaster often. 
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TOASTER DIAGRAM 


Main Switch 
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Many models have clean-out trap doors in the bottom 
(f the case. Pull the power cord from the wall outlet, 
ipen the trap, and brush out the crumbs. A new one-inch 
laint brush or pastry brush makes an ideal cleaning tool. 

Toasters lacking trap doors must be turned upside down 
md shaken vigorously to clean out crumbs. 

Caution: If a slice of toast becomes stuck in the toaster, 
lo not dig inside with a knife, fork or any other imple- 
nent without first pulling the power cord from the wall 
(Utlet. The toaster's wire elements are loaded with elec- 
ricity, and silverware is a conductor. If you rupture the 
ilement with the utensil, which is a good possibility since 
he opening is narrow, you could be seriously injured or 
filed. 

If a toaster fails and has to be disassembled for replace- 
nent of parts, be sure to find out first how much repair 
vill cost. The cost of repairing a toaster frequently equals 
ir exceeds the price of a new toaster. 
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W AFFLES must cook quickly or they become tough. \ 
Waffle irons, then, must be made of a material that] 
transfers heat readily. Such a material is aluminum^ 
and today all waffle iron grids, both top and bottom, 4 
are made of heavy cast aluminum. Increasingly, the aluminum j 
grids are coated with a non-stick material such as Teflon, t 
which just about eliminates the cleaning and scraping once [ 
required to keep the grids clean. " 

Behind the two grids, in the top and bottom casings of the . 
appliance, are the heating elements (wires that heat theJ 
grids). These elements are thermostatically controlled. | 

A thermostat is a device that cuts off the flow of electricity^ 
when the temperature reaches a selected level and turns' 
electricity back on again when the temperature goes down.’. 
Thermostats in waffle irons are made of a set of contact, 
points. When the points are touching, the circuit is complete? 
and current flows. When the points separate, the circuit is] 
broken and current no longer reaches the elements. (See the| 
chapter on thermostats.) | 

It is the construction of the points that, with temperature,,! 
determines their position. The points are made of a metal that [ 
bends when heated and straightens when cool. The points arOj^ 
together when they are straight. j 

When you first take out the waffle iron for use, the! 
thermostat is cold and the switch is closed. As soon as you 
plug the power cord of the unit into a wall outlet, and turn the i 
appliance on, current flows through the circuit wires; thej 
current can flow because the points are together, completing ' 
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the circuit. The current flows to the elements, and the waffle 
iron heats up. As the temperature increases, the bimetallic 
thermostat blade begins to bend. When the desired tempera¬ 
ture is reached, the blade has bent sufficiently to cause points 
to pull away from each other. This breaks the circuit, shutting 
off electricity to the elements. 

At the moment the proper temperature is reached and the 
electric current is stopped, an indicator light goes on to signal 
that the waffle iron is at the right temperature to cook batter. 
The indicator light is a small bulb in a socket that is wired into 
the thermostat circuit; when the points are open, the bulb 
receives electricity and glows. In closing, the thermostati- 


CONSUMER GUIDE 


147 
















Waffle Irons 

cally-controlled switch jumpers across the lamp, causing it to 
turn off. The light glows only when the heating element has 
reached a high temperature and the thermostat switches off. 

The batter you pour into the waffle iron's bottom grid is 
cold; when you close the lid, both grids are cooled immediate¬ 
ly. The thermostat blades also cool down; they straighten, and 
the contact points close. Current begins to flow, and heating 
elements begin to get hot again. All this takes place in 
seconds. The waffles begin to bake almost as soon as the 
batter is poured. 

During the baking process, the cooler waffle batter absorbs 
heat as quickly as it is produced by the elements. This 
absorption of heat away from the electrical circuit prevents 
the thermostat points from opening until the waffle itself 
reaches a preset temperature. At this point, heat is no longer 
absorbed by the waffle and flows uninhibited to the thermo¬ 
stat blades, which bend. The points open, the signal light goes 
out, the elements no longer get electricity — and the waffle is 
reading for eating. 

As you know, you can set the heat level of your waffle iron 
by turning a dial or moving a rod. In this way, you are able to 
get waffles that are light, medium or dark. What you really are 
doing when you activate the dial or rod one way or the other is 
putting more or less tension on the thermostat blades, 
causing them to bend or straighten sooner or later. This 
allows the contact points to open earlier or later which 
determines how long heat will flow to the elements to cook 
the waffle. 

Troubleshooting Waffle Irons 

THE FOLLOWING CHART lists the most common waffle iron 
problems and what must be done to correct them. If you 
consult an appliance serviceman, be sure to establish the cost 
of repair before allowing him to make repairs. Frequently, with 
small appliances, the cost of repair is equal to, or in excess 
of, the cost of a new appliance. 

PROBLEMS, CAUSES, REPAIRS 

Problem: Waffle iron doesn't heat 
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Possible Cause 

Repairs 

1. Open circuit 

1. Test power cord for 
continuity. Replace if de¬ 
fective. 

2. Test elements for con¬ 
tinuity. Replace if element 
wire is broken. 

3. Check thermostat for 
dirty contact points, bent 
blades, broken wires. Re¬ 
pair if possible; replace 
thermostat if not possible 
to repair. 

Problem: Waffle iron gets 

too hot 

Possible Cause 

Repairs 

1. Contact points welded 

1. Pry contacts apart and 

together, causing ele¬ 

clean them. If this isn't 

ments to stay on all the 

possible, install a new 

time 

thermostat. 

Problem: Waffle iron doesn't get hot enough 

Possible Cause 

Repairs 

1. Misadjusted thermo¬ 
stat 

1. Readjust 
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Electric 
Knives 

T he two types of electric knives are the cordless 
and the cord type. The cordless operates from bat¬ 
teries built into the handle; the cord type plugs 
directly into the base or wall receptacle. A charger 
in the base on which the cordless knife rests keeps the 
batteries charged. 

Cutting action is obtained by an electric motor that drives a 
gear set. The cord type contains a universal motor, the 
cordless has a miniature DC motor designed to operate from 
batteries. 

The main part of the reciprocating gear set is an eccentric 
— a wheel with a shaft attached. This wheel, however, does 
not rotate in one direction. Instead, it moves a limited 
distance in one direction, and then swings back and moves in 
the other direction. This is made possible by the fact that the 
shaft is not attached to the center of the wheel, but in an off- 
center position. 

This limited back-and-forth motion of the eccentric drives 
the knife blades (there are two blades) about 1 /2 inch in a 
back-and-forth motion; that is, blades move forward 1/2 inch 
and then move back 1/2 inch. However, blades are recipro¬ 
cating — that is, both of them do not move in the same 
direction at the same time, but in opposite directions. 

The end of the motor shaft is a worm gear. The worm drives 
a reduction gear. On either side of the reduction gear is an 
eccentric — pins or wheels off-center relative to the gear. As 
the gear rotates, the eccentric turns with an oscillating 
motion. Levers on the eccentric change the oscillating motion 
to a back-and-forth motion which is transmitted to the knife 
blade. 
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ELECTRIC KNIFE DIAGRAM 


Motor 



Troubleshooting Electric Knives 

THE MOST common problems associated with electric knives 
are the following: 

1. Damaged power cord. If the cord has been pulled so that 
wires have been damaged, no electricity will get through to 
the appliance motor, and the unit will not run. Pull only on the 
cord's heavy plug end when disengaging the cord. 

2. Worn brushes. Electricity flows through the armature by 
way of two carbon brushes on each side of the motor. Brushes 
must remain in contact with the commutator end of the motor 
in order for the motor to revolve. Brushes wear in use, 
however, and a gap eventually will develop between them and 
the commutator. Therefore, check brushes and replace them if 
they are worn shorter than 1 / 2 inch. 

3. Damaged motor. Check all wires for looseness. If the 
commutator end of the motor has become rough and devel¬ 
oped pitmarks, it often can be restored to use by polishing it 
with a strip of fine sandpaper. Sanding the commutator is 
done either with the motor running or with the armature in a 
lathe — both actions best performed by an experienced 
technician. If you do decide to tackle the job yourself, be sure 
to use sandpaper, not emery paper. Any other motor damage, 
such as a broken armature wire, usually necessitates replace¬ 
ment of the motor. Check on the price of a repair of this sort 
before allowing it to be made. 
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Fans 

A set of balanced blades mounted on the shaft of 
an electric motor to create air movement is the sum 
total of an electric room fan. The blades can blow 
air into a room or pull (exhaust) air from a room. 
The air movement depends on the shape of the blades and the 
direction in which the motor shaft rotates. 

Room fans come in various shapes and sizes. Small fans sit 
on a table or mount on the wall. Some fans rest on pedestals 
which are equipped with wheels, so the unit can be rolled 
from one spot to another. Large, heavy floor fans are intended 
for stationary emplacement, while others are permanently 
mounted in attics. 

There are fans that remain stationary as they move air: the 
motor stays still; the blades revolve. By contrast, other fans 
have gears which drive an arm-and-link assembly so the entire 
motor assembly can move from side to side. These are called 
oscillating fans. 

No matter what kind of fan you have, its main parts are 
blades and a motor. The operation is simple to understand. All 
that must occur is for the motor to work so the blades revolve. 

Desk fans and floor fans contain a shaded pole motor. 
Window units may contain either a shaded pole motor or a 
split phase motor. See the chapter on Types of Motors for a 
discussion of these motors. 

When electricity is applied to the field coils, a magnetic 
force is established between the field and rotor or armature. 
This causes the rotor or armature to begin spinning at a 
comparatively high rate of speed. The blades spin and air in 
the room begins to move. This is the stationary fan in which 
the motor stays still while the fan revolves. 
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If the unit is an oscillating fan, a small gear box on the back 
of the motor makes the motor, and hence the blades, turn 
slowly from side to side to distribute airflow through a greater 
angle. 

j A clutch, operated by a knob on top of the oscillator gear 
j box, connects the pinion (first reduction gear) to the eccentric 
arm gear. Tightening the knob causes the fan to oscillate. 

‘ Loosening the knob allows the second reduction gear to slip 
on its shaft, stopping the oscillating action. 

I Bent Blades 

• BLADES BECOME unbalanced when one or more leaf is bent 
j forward or backward, usually when the fan gets knocked over, 
i Balance as follows: 1. Remove the blade. Place on a flat 

■ surface. If one leaf is seen to be misaligned, carefully bend by 

■ hand back to the same plane as others; or, 

■ 2. Firmly hold a screwdriver where the tip will touch the 
back edge of one leaf. Slowly turn the blade. All leaves 
should touch the screwdriver tip. 

! Carefully bend back into shape any leaf that is misaligned. 
BUT DO NOT BEAT IT WITH A HAMMER. Unless obviously 
damaged beyond repair (one leaf missing, for example), it is 
not too difficult to bend the leaf by hand back to its original 
shape closely enough to make any residual unbalance scarcely 
' noticeable in fan operation. 

Preventive Maintenance 

DISCONNECT the power cord from the wall outlet whenever 
you service the fan. 

Check the fan motor carefully (or consult manufacturer data 
or the instruction book) to see if it has oil ports. If it does, 
lubricate the motor at the beginning of the warm season with 
a few drops of heavyweight household motor oil. 

Keep the fan clean at all times. Dirt and dust on the motor 
will impede the cooling power of the motor. 


PROBLEMS, CAUSES, REPAIRS 
Problem: Fan motor does not run. 
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Possible Cause 
1. Damaged power cord 


2. Burned out motor 


Repair 

1. Check with continuity 
test lamp to see if wires 
are broken. Replace cord 
if defective. 

2. Discard unit if motor 
has burned out; it does 
not pay to install a new 
one. 


Problem: Blades rotate sluggishly. 


Possible Cause 

1. Blades bent 


2. Lack of oil in motor 

Problem: Noisy operation 

Possible Cause 

1. Loose part 

2. Loose blade hub 

3. Blades out of balance 


Repair 

1. Try to bend blades back 
to shape. If not possible 
and if fan has replaceable 
blades, replace blade unit. 
Otherwise replace entire 
fan. 

2. Lubricate. 


Repair 

1. Tighten. 

2. Tighten if possible. 

3. Put up with noise; re¬ 
place blade unit if fan has 
replaceable blades; or re¬ 
place entire fan. 


Problem: Oscillating fan turns sluggishly. 


Possible Cause 

1. Lack of lubricant in 
gear box, on eccentric 
arm, or link assembly 

2. Bent eccentric arm 
and/or link 


Repair 

1. Disassemble parts and 
lubricate. 

2. Replace assembly. 
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F ood blenders and food mixers are virtually the 
same, except for the working end of the appliance. 
A food mixer uses beaters; a blender uses cutter 
blades that whirl at high speed in the bottom of a 
container to mix, chop, and liquefy foods. 

Like the food mixer, a blender is driven by an electric 
motor. There are no gears; the parts of an electric food 
blender that provide power are the motor, line cord and 
switch. 

Electricity is delivered to the motor, which is the same 
universal type used in many appliances and tools, mixers, 
and drills. 

As the motor spins, it causes the cutter blades to revolve. 
Simple revolving is not enough, however; a chef must have a 
way to control the speed for various operations — slow for 
chopping nuts, for example; high for making mayonnaise. The 
I method used for speed reduction is a multi-speed switch. 

This category of switches is a simple one. Most use 
resistors in series with the motor to control speed. In other 
words, special devices (resistors) that limit the amount of 
current going to the motor are activated when you press 
certain buttons; as they come into use, they reduce speed. 
These resistors, called dropping resistors, have varying 
degrees of resistance. With them, you are able to set up to 
14 or 16 speeds in your electric food blender. Most present- 
day blenders, however, contain a solid state controller with 
push-button speed selector. As illustrated, the controller is a 
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BLENDER DIAGRAM 



Blade Assembly 

Cap Nut 
Lock Tabs 

Lawer Threaded Sectian 
Rubber Gasket 
Inner Steel Washer 
Inner Rubber Washer 


Mofar In Case 
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modular replaceable unit. Operating the push button switches 
connects one or more of a string of resistors into the phase 
shift circuit of the controller or provide the various blender 
motor speeds. 

PROBLEMS, CAUSES. REPAIRS 

I MOST ELECTRIC blender malfunctions occur in the motor and 
I associated components, such as seal leakage allowing food to 
i enter the motor, and damage or wear to the speed controller. 
I A common problem is with the line cord and switch. As with 
I practically all other electric appliances, line cord failure 
j predominates and results primarily from misuse. Do not pull 
> on the cord to disconnect it from the wall socket. Use the plug 
only. 

In time, a switch can go bad, usually from a resistor that has 
: failed, staying totally open. The blender then will run at only 
i one speed. Testing a resistor requires an ohmmeter; this, like 
‘ the test for the motor and seal leakage, requires proper tools 
and the training of a service technician. 

I After long service, the motor bearing or bowl seal may 
wear out. The motor revolves on a bearing; a seal is used in 
the base of the bowl to prevent leakage. Both parts usually 
can be replaced without replacing a major component. 

Another malfunction that may occur in time is damaged 
' cutter blades. This generally happens when a foreign sub¬ 
stance that cannot be blended finds its way into the container. 
Cutter blades generally can be replaced by removing the nut 
and lockwasher holding the blades to the blade shaft, and 
inserting a new blade. It always is wise to use only 
replacement parts made for your blender. 
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'HETHER THEY are professional beauty or barber 
shop models, or smaller home models, hair dryers 
(and stylers) are built pretty much the same way 
and work on the same principle. We will drop the 
term "styler” for the remainder of this section, because a 
styler is nothing more than a hand-held dryer, which works the 
same way as the dryer described here. The only difference is 
the working end of the appliance. A dryer dries while a styler 
dries and styles simultaneously. 

Simply put, the working parts of a hair dryer consist of a 
heater assembly (made of the same type of coil wire as a 
toaster) and a fan or impeller. The heater gets hot and the fan 
moves the warm air through a nozzle or air duct into a bonnet, 
or shoots it out of a barrel. 

Hair dryers have a minimum of three selector switch posi¬ 
tions: Off, Cold (which turns on the motor only, so that cold 
air is blown), and Warm, which turns on the motor and the 
heating unit so that warm air is blown. 


More elaborate hair dryers have a selector switch that 
provides as many as five positions: Off, Cold, Warm, Medium, 
and Hot. These units contain two heating elements: a high- 
heat element and a low-heat element. The two are connected 
so that at maximum heat, both of them are working. 

So you can get some idea of how you can get all these 
varying settings from one little hair dryer, see the illustrations 
accompanying this section. They show the following: 

• Figure 1 shows the Off position. Nothing is engaged, so 
nothing is working. 

• Figure 2 shows the Cold position. The fan motor is 


158 


CONSUMER GUIDE 


Hair Dryers 


HAIR DRYER 


Hood 


Hose 



Motor 


Fan 


Heat Coils 


engaged, so the fan is on, but the heating elements are not 
engaged — they are off. 

• Figure 3 shows the Warm position. The fan and low-heat 
element are both engaged, and warm air is coming out of the 
end of the tube. 

• Figure 4 shows the Medium position. The fan and high- 
heat element are both engaged, so air that is warmer than in 
the Warm setting is coming out of the end of the tube. 

• Figure 5 shows the Hot position. The fan, low-heat, and 
high-heat elements are all engaged, and the air coming out of 
the tube is the hottest you can get. 

The fan (also called impeller or blower unit) used in hair 
dryers is basically a simple, small electric fan. The major 
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difference is that the blades are enclosed so that air is blown ‘ 
in one direction only — toward your head. 

PROBLEMS, CAUSES, REPAIRS 
A Major Problem: Overheating 

A BIG PROBLEM faced by manufacturers of hair dryers is 
preventing excessive heat, which would damage, distort, and 
even melt the thermoplastic case. Several different malfunc¬ 
tions can cause overheating, which may also lead to injury and 
present a fire hazard. Two of the more serious are blocking of 
the end of the nozzle or air duct, which keeps the hot air 
confined and causes the heating element to overheat; and a 
defective selector switch that keeps the fan from turning on. 

To avert the hazard of overheating, hair dryers are equipped 
with a so-called safety thermostat which acts much like the 
safety valve on a hot water heater. If a problem occurs that 
causes an excessive heat build-up, the thermostat opens to 
break the circuit and stop the heating element from heating. 

However, a safety thermostat is only a mechanical device, 
and mechanical devices fail. For this reason you are the 
best safety device. If you think the case is getting too hot, or 
if you begin smelling a strange odor, don't wait for the case to 
melt or flames to appear. Disconnect the unit at once and 
consult a service technician. 

Other Problems Affecting Hair Dryers 

UNLIKE MANY other small appliances, a hair dryer includes 
a comparatively great variety of components. The more 
components an appliance has, the greater is the chance of 
failure. The following outlines some of the major problems 
that may occur and generally what can cause them: 

• Erratic heating. Switch to Warm, Medium and Hot 
positions. Hold your hand over the output end. If the three 
heating positions are working properly, you will feel a distinct 
temperature difference between them. If not, then the switch 
has gone bad, wiring is faulty or a heating element has 
burned out. 

Before having a major repair made, compare the price to 
repair to the price of a new unit. Particularly in the case of 
hand-held models, it is almost always more economical to get a 
new unit. 
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Hair Dryers 

If the unit fails to operate altogether, make sure that the 
line cord is in good condition. 

How to Fix a Broken Case 

REPAIRING a crack in the plastic case of a hair dryer can be 
done with a two-part epoxy cement which you can buy in a 
hardware store. Mix the cement as directed, and see to it that 
the surface of the area to be repaired is perfectly clean. 
Rubbing the surface with a rag that has been dipped in 
mineral spirits is an effective way of cleaning. 

Pry the edges of the crack slightly apart with a small 
screwdriver and wedge the screwdriver in place so the crack 
is kept open. Do this gently; once split, plastic cracks further 
very easily. Apply the cement along the edges of the crack 
with a pipe cleaner or cotton swab. Make sure cement covers 
both edges. 

Remove the screwdriver and press the cracked edges 
tightly together. Hold firmly until the cement sets. 

Howto Repair a Flexible Hose 

FLEXIBLE NOZZLE hoses of hair dryers usually do not get 
damaged unless they are abused. However, if one does tear, 
you often can make a repair with soft vinyl adhesive tape that 
you can buy in a hardware store. This same pressure-sensitive 
tape can also be used to repair a tear in a hair dryer bonnet. 
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HE MODERN electric clothes-pressing iron may 
seem like a complicated appliance, but it is really 
very simple. Basically, an iron consists of a heating 
element mounted in a thick metal soleplate and a 
^mperature controller. The heating element is connected by 
eans of terminals and a line cord to an electric wall outlet, 
'ith the iron connected, the heating element heats up and 
sings the soleplate to temperatures over 600°. 

Since different types of materials respond best to pressing 
' particular temperatures, some means of controlling heat is 
3 cessary. Excessive heat will ruin fabric, while heat that is 
o low will not give effective pressing. The component used 
' control heat is an adjustable thermostat. 

(The first electric irons did not have thermostats. Tempera- 
ire was controlled by pulling the line cord from the iron when 
got too hot, then plugging it in again to reheat it when it 
3came too cool.) 

Thermostat operation is simple. The device is bimetallic 
lee the chapter on Thermostats for a complete explanation of 
is device) and opens and closes according to temperature, 
hen you turn a knob or dial to the temperature setting you 
ant (sometimes indicated by a fabric name such as "cot- 
n,” "linen," or "silk"), you are putting a certain amount of 
nsion on the thermostat blades. When the temperature 
Caches the desired range, the heat causes a thermostat blade 
|) bend back away from its mating blade. The thermostat 
jpens, breaking the flow of current to the heating element. As 
pmperature cools down (and more heat is needed), the 
fiermostat blade returns to its original position, again making 
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ELECTRIC IRON DIAGRAM 


Steam Controller 



contact with its mating blade. The circuit is then complete ar 
the flow of current begins again. 

Although manufacturers use various methods by which y( 
may select a heat range for pressing different fabrics, tl 
principle in all cases is essentially the same, and an extreme 
versatile one. A modern-day electric pressing iron allows yc 
to select temperatures over a greater range than most sm 
cooking appliances. For example, you can select an ironir 
temperature for rayon, which is about 200°, and an ironir 
temperature for linen, which is about 550°. 

Almost every electric iron made today may be used inte 
changeably as a dry or a steam iron. For steam, a reservoir i 
the iron is filled with water. As the iron heats, the water boi 
and steam is emitted through vent holes in the soleplate. I 
some irons, steam flows continually. In most others, yo 
control the bursts of steam by pushing a small button in th 
handle. 

What Can Go Wrong 

THE ELECTRIC IRON probably gets more use than any othe 
small appliance in the home, and is usually one of the mos 
reliable of all home appliances. A heating element ma 
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I pen,” which will prevent the soleplate from getting hot; a 
irmostat may go bad, affecting operation. However, these 
»blems rarely arise, and an electric iron used with some 
i;e often will be discarded after many, many years of use, 
^ly because the owner wishes a new one. 

^inety-nine percent of all electric iron failures are caused 
[abuse to the line cord. Some stress is placed on the cord 
Srmally as the iron is moved back and forth. The cord is 
i'lled, flexed and stretched. 

feut this normal use usually does not cause damage. Most 
pblems are caused by pulling on the cord to disconnect it 
im the wall socket. This pulls strands apart inside the 
Relation. 

PuH only on the heavy plug when disconnecting a line cord. 
'^ny plugs have indentations for your fingers to make the 
tk even easier. 

Another'potential problem to watch for is overextending the 
rd's reach. It is safer and less damaging to move the ironing 
■ard closer to the wall plug, so the cord remains slack, than 
stretch the cord and put constant pressure on the inner wire 
lands. 

Besides the visible fraying of insulation, one indication of a 
imaged line cord is erratic heating: the iron becomes hot 
e time you use it but not the next. When the cord has 
jteriorated to this point, arcing and sparking usually occur. A 
Imaged line cord should be replaced. 

jin replacing an iron cord, use one of the heat-resistant types 
'PD or HPN) only. In type HPD the wires are covered with 
bestos over rubber; the entire cord assembly has a woven 
th outer cover. To prepare the ends, cut the cover back 3 

i l- inches. Remove all insulation from about 1-inch from the 
I. Wrap thread around the loose asbestos at the end. 

'ype HPN looks like heavy lamp cord, but is different; its 
ulation is heat resistant thermoplastic. The best bet is to 
lace the cord with whatever kind was formerly on the iron, 
d manufacturers offer "cord sets” custom-made to an 
)liance, complete with strain grommet and snap-on terminal 
s. Using such an exact replacement simplifies installation 
:he new cord in the iron. 
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PROBLEMS, CAUSES, REPAIR 

EXAMINE the soleplate frequently. If it looks corrod 
scratched or tarnished, polish it with a stitched-rag buff 
wheel. This is available from hardware store dealers; it is 
attachment to an electric drill or electric motor, but you sho 
use it with your hand for this job. (Do not use abrasive tool* 
compounds on irons with a Teflon shoe.) 

Buff the soleplate lightly and wipe it off. Then polisi 
carefully with a very fine grade of buffing compound. Tell 
hardware store dealer what you need the product for. He < 
see that you get the correct buffing compound for the job. 

Steam irons demand special attention. Many require 
use of distilled or filtered water to prevent mineral depo: 
from creating scale inside the iron. Others can be used w 
tap water. All, sooner or later, will probably require cleani 
As soon as you hear a rattling sound inside the iron, s 
using it and clean it out with a special chemical made 
dissolve mineral scale in steam irons. Again, ask y 
hardware store dealer for help; he will know what you ne 
Use as directed. If the iron is badly clogged, more than c 
treatment will be required. 

One way to prolong the life of a steam iron without spec 
chemicals is to pour out the water while it is still hot. Wf 
water sits for hours or overnight, it deposits extra miner 
that cause extra problems. 
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|||■^^ HE MOST popular of all powered personal care 
|H ’ appliances is the electric razor. And with refine- 
ments in design and performance, its popularity 
continues to grow. 

(Three kinds of motors are used in electric shavers. Some 
intain a tiny universal motor, others contain a vibrator type 
Dtor. Cordless razors contain NiCad cells, miniature DC 
otor, and charging components all within the shaver unit. A 
craper (razor) or series of scrapers attached to the motor 
oves in reciprocating fashion — that is, in a back-and-forth, 
raight line way. 

Reciprocating motion is established by means of a small 
;nion. Essentially, the pinion and scraper are connected by a 
■ud set in an offset position in the pinion. Thus, the scraper 
, prevented from making a full 360° turn as the motor 
volves; its travel is limited to the size (distance) of the razor 



»ad. 

There are variations in the way different makes of electric 
zors are built, but the principle just described applies to all, 
ith the exception of those that employ rotary heads. 

Electric razors generally use very thin perforated shields to 
iclose the whiskers as skin is pressed against the shields. 

f ie rapidly moving scraper shears off the hairs extending 
rough the surface of the shield. 

The power source to operate an electric shaver's motor may 
3 me from a wall outlet by means of a line cord or through a 
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tiny nickel-cadmium battery in cordless electric razors. B<1 
teries of cordless electric razors have to be rechargq 
periodically by being connected to a wall outlet through use 
a line cord. 


PROBLEMS, CAUSES, REPAIRS 

THE ELECTRIC RAZOR is one appliance that owners — evi 
those with technical ability — cannot repair. Replaceme, 
parts are not usually available, not even to professionr 
appliance technicians. The shaver must be returned to tl 
factory when a problem occurs. 

The key word to keep in mind regarding caring for yo) 
electric razor is “clean." The razor should be brushed clean}) 
hair after every use to maintain its effectiveness and exten 
its life. 
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INSIDE A “CORDLESS" RAZOR 



Capacitor 


Eccentric in here 
but not visible 


Cord plugs in 
here for 
charging 


Also located below and 
not visible is a solid 
state rectifier. 


Aotor 


:\licad 

;eli 


Resistor 


Resistor 


INSIDE A VIBRATOR TYPE RAZOR 



Hach AC Cycle 
rhese teeth align due 
;o magnetism, then 
Separate due to a 
leavy internal spring. 


Resulting vibrating action drives razor comb and cutter 
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Electric 
Tootlibrushs: 

T here are two types of electric toothbrushes: the 
"cordless” type that operates from a battery of 
NiCad cells that power a small DC motor, with both 
battery and motor in the handle, and the "cord" 
type that contains a small 1 15 VAC motor in the handle. In 
the cordless type, the batteries are powered by a charging 
adapter located in the toothbrush stand. Since the toothbrush 
usually is used in the bathroom where a wall socket is 
sometimes not available, the charging adapter is plugged into 
the electric shaver receptacle on the medicine cabinet lamp 
fixture. 

The motor of an electric toothbrush is encased in a sealed 
housing that cannot be opened. It is a low-power motor since 
the job does not require much power. The motor will operate 
for a total of about 1 / 2-hour before the NiCad battery will 
need recharging. 

The motor turns a small pinion gear which drives a bevel 
gear on the switch position. This is one of the simplest 
motors in the appliance field. 

PROBLEMS, CAUSES, REPAIRS 

IF THE TOOTHBRUSH develops a defect, the fault may be 
either in the parts (battery and motor) in the handle, or in the 
charger base. If the batteries run down immediately after 
charging, the fault is in the toothbrush; if the batteries do not 
charge up at all, the fault is, most likely, in the charger base. 
Neither the toothbrush nor the charger base can be repaired, 
but instead must be replaced. 
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ELECTRIC TOOTHBRUSH DIAGRAM 


Switch 
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T he electric blanket and electric heating pad 
work in the same way. The major difference between 
the two is in construction: electric blankets are made 
of a lightweight cloth material with very thin, flexible 
heating wires; heating pads are made of a heavy rubberized 
material and have thick, molded-in wires. 

The heating wires in both electric blankets and heating pads 
are laid out in a neat grid pattern throughout the unit. These 
wires are of a particular value that allows a certain amount of 
electricity to flow through them. This permits the wires to 
reach a specific temperature. 

Keep in mind that different types of wiring have different i 
resistances to electricity. The more resistance in a set of 
wires, the harder the electricity must work to get through — 
and thus, the lower the heat generated. Wires in a toaster, for 
example, have much less resistance to electricity than wires 
in an electric blanket. That is why toaster wires get red hot, * 
while wires in an electric blanket get merely "warm” by 
comparison. 

Still, electric blankets must provide variations in tempera¬ 
ture to please sleepers with different comfort levels. In some 
models, temperature is controlled by a simple switch that is 
set to provide Low, Medium or High heat. Wires are arranged | 
so that electricity will flow through one or more networks of 
wires, depending upon the setting of the switch. At High, for j 
example, electricity would be flowing through all networks, i 
providing maximum heat. | 

Other types of electric blankets use a thermostat control, | 
with a separate switch to turn the blanket On and Off. The 


172 


CONSUMER GUIDE 


Electric Blankets 


thermostat is made of strips of metal that bend and straighten 
in response to the amount of heat being generated. This 
causes the electric circuit to break (when the strips bend) or 
remain intact. When metal strips are cool, they are straight 
and the circuit is closed, allowing electricity to flow to the 
blanket's wire elements. As heat reaches the level you set, 
the metal strips get warm enough to bend, pulling thermostat 
points apart and breaking the circuit. The flow of electricity is 
halted until the temperature drops enough for the strips to 
straighten again and repeat the heating cycle. 

With these blankets, you control the degree of heat by 
setting the thermostat. You turn a dial to indicate a position of 
relative heat. By so doing, you put more or less tension on the 
metal strips. This causes the circuit to open or close to reach 
and maintain the desired temperature. 


PROBLEMS, CAUSES, REPAIRS 
Problem: Blanket will not heat 


Possible cause: 

1. Points in the control 
have gone bad 


2. Wires bent or broken 


Repair: 

1. Remove the points and 
solder in new ones. If 
points are too tightly weld¬ 
ed, replace the entire con¬ 
trol, unless the control for 
your blanket is no longer 
in stock. In that case, you 
must buy a new blanket. 

2. Buy a new blanket; this 
cannot be repaired. 
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Turntables 

and 

Tone Arms 

I N A HI-FI system, these elements perform basic 
functions. Whether you own an automatic record 
player (in which several records can be stacked 
for continuous playing) or a separate manual- 
play turntable/tone-arm combination, the sole function 
of the rotating platter (turntable) is to rotate—at constant 
speed. 

Any mechanical system with moving parts generates 
vibrations, inconsistencies of motion or speed which can 
cause unevenness of musical pitch in the record (called 
"wow" and "flutter") and the induction of low-frequency 
noise in the electronic reproducing system (via the pick¬ 
up cartridge) called "rumble." The drive motor in a hi- 
fi turntable system ideally should meet these criteria: 
constant rotational speed, constant speed with voltage varia¬ 
tion, vibration-free operation, adequate rotational torque, 
and long-term, continuous operation without change in 
characteristics. 

Two types of motors are generally used in turntables 
and record changers. The induction motor, whose speed 
varies with load and with changes in applied voltage, is 
used In less expensive models. The synchronous, or hy¬ 
steresis synchronous, motor, which depends on the fre¬ 
quency of the incoming power for speed accuracy, is gen¬ 
erally freer from vibration and noise and is therefore 
found In top-priced turntables and changer mechanisms. 
Recently, slow-speed servo-controlled DC and AC motors 
have been used with good results as well. 

Drive Systems 

BOTH INDUCTION and synchronous motors generally 
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Turntables I 

run at much higher speeds than the 33-1/3 or 45 rpm I 
required for record playing. (In the pre-LP days, 78 | 
rpm was standard record rotation speed, though modern | 
machines seldom include this; nor do they include the ^ 
16-2/3 rpm speed intended for "talking book" records.) - 
Two methods are widely used for "stepping down" the , 
high speed (generally 1800 rpm) to the required lower ‘ 
speed. In the rim-drive system, illustrated diagramatically ] 
in Figure 1, one or more idler wheels transfer the power I 
from the motor shaft or pulley to the turntable via the \ 
friction of their rubber rims. 

In this method, the motor shaft is usually equipped with \ 
a stepped pulley of varying diameters and the idler is I 
moved up and down, engaging the different diameters \ 
and thereby altering the speed of the turntable which it J 
drives. Usually, the step-down ratio from motor to idler | 

is about 8-to-l, with the remainder of the required step- i 
down accomplished because of the diameter ratios of idler | 
to inner rim of turntable. 

A second common drive system, shown in Figure 2, ^ 

employs a rubber or plastic belt to convey motor power | 

to The turntable. This system lends itself primarily to ^ 
manual turntable arrangements, and speed changes are 
made by guiding the belt around motor pulley sections 
of differing diameters. The belt serves to isolate motor 
vibrations from the turntable, thus reducing noise and 
rumble. In precision turntables, the belt is often ground 
or honed after molding, to be as free from bumps or ir¬ 
regularities as possible. Resistance to heat, changes in hu¬ 
midity and even contamination by lubricating oil all must 
be taken into consideration in the choice of belt material 
and design. 

More recently, some high-quality turntables have appeared 
which are directly driven by slow-speed motors which 
rotate at exactly the required 33-1/3 or 45 rpm. These 
motors are often electronically driven and controlled; be¬ 
cause of their slow speed of rotation, they transmit lower 
vibration and very low wow and flutter components to the 
turntable. 

While many manufacturers of turntables maintain that ; 
the heavier the turntable the better, this is not universally 
true. Turntable platters are made of pressed steel plate 
or die-cast aluminum alloys. A quality turntable will be 
carefully machined and even custom-balanced just like an 
automobile wheel, and for the very same reasons—so as 
not to induce once-per-revolution speed variations or jitter. 

As for weight of the turntable, the important thing is that ’ 
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Fig. 3 Methods of applying proper tracking force 



Dynamically balanced 



Statically balanced 


the weight and flywheel action be properly matched to the 
torque characteristics of the motor that drives the platter. 

Tone Arms 

MAJOR EFFORTS in the design of hi-fi record playing 
equipment have concentrated on the pickup system, i.e. 
the tone arm and phono cartridge. A good phono car¬ 
tridge can deliver best performance only if it is mounted 
in a tone arm of proper design and quality. The tone 
arm's main function is to keep the cartridge (or more 
properly the stylus or needle) in the record groove while 
it travels across the record, and to apply the proper down¬ 
ward tracking force while compensating for other, un- 
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wanted forces. High quality tone arms are often made of 
a light metal alloy to reduce weight and increase stability. 

Several shapes of tone arms are shown in Figure 4. 
In each shape, the shell-cartridge section is at an angle 
designed to minimize the arm's tracking error. Tracking 
error is the angle that the cartridge axis deviates from 
tangency to the record groove—and the smaller it is the 
better. On low-priced changers, the cartridge shell is an 
integral part of the tone arm, while on better equipment 
the cartridge-shell is a plug-in type facilitating rapid inter¬ 
change of different cartridges. 

Since different cartridges work best at different tracking 
forces, tone arms provide a means for adjusting this 
force. Adjustment is made either by spring action or by 
counterweights and sliding weights. 

An additional adjustment often provided on better tone 
arms is called anti-skate adjustment. Because of the geo¬ 
metry of the tone arm, there exists an inward force which 
tends to pull the arm inward when the record is rotating. 
Uncompensated for, this force would push the stylus against 
the inner groove wall of a record, causing increased rec¬ 
ord wear and unbalanced reproduction. Anti-skate ad¬ 
justment provides the necessary counter-force and is made 
adjustable on most tone arms equipped with this feature. 
Since skating force varies with tracking force and even 
with shape of stylus tip (conical or elliptical), the anti¬ 
skate adjustment should be made when a new cartridge 
is installed. 

Automatic Record Changers 

AUTOMATIC RECORD changers incorporate all the ele¬ 
ments already discussed and, in addition, are capable of 
continuously playing six or more records in a row. Usually, 
the same motor that drives the turntable is used to 
actuate a series of mechanical linkages which both drop 
the successive records from their spindle support and 
cause the tone arm to swing back and forth between rec¬ 
ords. They normally are equipped with an automatic 
shut-off feature which causes them to turn off after the 
last record has been played. 

Preventive Maintenance 

DUST is the chief evil when it comes to the preservation 
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of records. In addition to keeping all your records clean 
and in their protective jackets, it is important that the 
turntable and its surface, and the tone arm and cartridge 
be kept free of dust at all times. If your record player is 
not equipped with a dust cover, by all means purchase 
one that fits over the entire mechanism and keep it in 
place whenever the player is not in use. 

Some turntables require periodic lubrication of the main 
center-bearing of the platter, while others are permanently 
lubricated. Consult your owner's manual for frequency 
and type of lubrication required and follow those instruc¬ 
tions. Motors used in modern turntables rarely if ever 
require lubrication and, in fact, attempts to lubricate them 
often result in the inadvertent spilling of oil on the rubber 
idler wheel or belt which quickly causes these components 
to deteriorate. 

If your tone arm's tracking force adjustment involves 
a spring or springs, check actual tracking force every 
few months to make certain that spring tension has not 
changed. This is best done using an inexpensive tracking- 
force gram scale available from most hi-fi equipment 
dealers. Such an external scale will also help you check 
accuracy of tone-arm calibrated scales of tracking force. 
Inspect the underside of your platter and idlers or motor 
shafts periodically, using a soft lint-free rag to clean oil 
or moisture from all surfaces that rotate and are involved 
in the drive chain. 

If the power cord of your record player is connected 
to a convenience receptacle on your receiver or amplifier, 
never turn off the entire system before the last record 
has played through and cycled the changer to the OFF 
position. While turning off the system in this way also 
may turn off power to the changer, the idler wheel will 
then be pressing against both the motor shaft and the 
turntable inner rim and, since it is not free to rotate, 
permanent depressions or deformations of the idler will 
result. This will almost always result in severe audible 
"wow" or a thump-thump sound which can only be cured 
by replacement of the idler wheel itself. 

If you must leave the system before the last record 
has played, simply cycle through the remaining records 
manually, so that the changer comes to a complete stop 
before you turn off all power to the system. Some ampli¬ 
fiers and receivers are equipped with "unswitched" con¬ 
venience receptacles which continue to supply power even 
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when they are turned off. If such a receptacle is used, it 
is safe to turn off the amplifier or receiver, since the record 
player will continue to rotate (though, of course, no sound 
will be heard) until the last record has cycled and the 
changer has come to a complete stop. 

PROBLEMS, CAUSES, REPAIRS 


Problem: Unit fails to turn on when switch 
is activated 


Possible cause 

1. Power cord discon¬ 
nected 

2. Faulty switch 

3. Power cord connected 
to other equipment which 
is not turned on 

4. Burned out motor 


Repair 

1. Connect other appli¬ 
ance to receptacle to 
make sure it is live. 

2. Check continuity of 
motor leads after first dis¬ 
connecting power cord. 

3. Replace motor if open. 

4. Replace changer switch 
if faulty 


Problem: Motor turns but platter does not 


Possible cause 

1. Idler wheel slipping or 
not engaging motor shaft 
or platter 

2. Belt has slipped off 
motor pulley 

3. Belt is torn 

4. Speed selector is in 
neutral position 


Repair 

1. Remove turntable and 
examine idler and motor 
shaft. Clean if oily. 

2. Check for loose springs 
which may have slipped 
out of anchor points. 

3. Check condition of 
belt, replace if necessary. 

4. Check action of speed 
selector knob with turn¬ 
table removed. 


Problem: Motor turns at wrong speed 


Possible cause Repair 

1. Slipping drive system 1. Check for slippage as 

above. 
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2. Displaced idler wheel 
(vertically) 


3. Mis-oriented, loose 
selector knob 

Problem: 

Possible cause 

1. Flat spot has develop¬ 
ed on idler, slipping belt, 
eccentric center hole in 
record being played 


2. Check step positions of 
idler wheel against motor 
pulley for each avail¬ 
able speed—adjust ver¬ 
tical position as required. 

3. Check orientation; 
tighten. 

wow and flutter 
Repair 

1. Examine idler or belt 
for defects noted. Re¬ 
place if defective. Try 
playing a different rec¬ 
ord. Rotate table by 
hand, feeling for any 
rough spots per revolu¬ 
tion. Check table bear¬ 
ing, lubricate if required. 


Increase in audible 


Problem: Stylus hops from 
to record groove 

Possible cause 

1. Defective stylus 

2. High tonearm pivot¬ 
bearing friction 

3. Jammed linkage under 
changer 


4. Excessive record warp 

Problem: Tone arm sets 
of record start 

Possible cause 

1. Indexing adjustment 
has altered with use 


record groove 
Repair 

1. Have stylus condition 
checked with microscope. 

2. Move tone arm through 
its arc by hand to detect 
friction point, if any. 

3. Examine underside of 
changer for possible 
tone-arm restrict I ng 
forces. 

4. Discard record, 
down at wrong point 

Repair 

1. Adjust indexing per 
owner's manual. Check 
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PROBLEMS, CAUSES, REPAIRS 

other items enumerated. 

2. Records mounted on 2. Remount, 
changer spindle improp¬ 
erly 

3. On manually selected 3. Change type selector, 
size types, wrong selec¬ 
tion was made 


Problem: Record fails to drop during change 
cycle, or multiple records drop. 


Possible cause 

1. Variation in center 
hole size on some records 

2. Worn or improperly 
seated changer spindle 


Repair 

1. Try variety of records 
and check other points. 

2. Replace center spindle, 
if found defective. 


Problem: Platter jams or stops 
during change cycle. 


Possible cause 

1. Motor losing' torque 
with age 

2. Lubrication of chang¬ 
ing linkages required; 
undue friction has de¬ 
veloped in moving parts 
due to rust, etc. 

Problem: Changer does 
at end of record. 

Possible cause 

1. Automatic trip mech¬ 
anism mis-adjusted 

2. Tone arm repeating 
last musical groove 


Repair 

1. Rotate table manually 
through cycle to determine 
force required for changer 
cycle. 

2. Lubricate changer 
mechanism parts only if 
owner's manual so in¬ 
structs. Otherwise, refer 
to qualified service per¬ 
sonnel. 

not cycle 
Repair 

1. Adjust trip mechanism 
per instructions supplied. 

2. Try several records 
before servicing. 
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Receivers 


A "RECEIVER" in the high fidelity component sens* 
contains all the elements of what would commoni 
be called a "radio" except for the loudspeaker 
which must be connected externally. In addition 
stereo receivers usually have connection facilities for 
record player, any one of several forms of tape-playini 
mechanisms, and one or more other sound signal source: 
such as the sound portion of a TV set, and so on. 

As shown in the block diagram of Figure 1, there an 
three basic sections which make up a receiver: the tuner o 
radio signal receiving section, the preamplifier control sec 
tion, and the power amplifier section. In very elaborate h 
fi systems these three sections actually may be purchased a: 
separate units, for increased flexibility and control or as « 
means of assembling the system in stages using the "build 
ing block" approach. 

Modern receivers are solid state devices—that is, they ust 
transistors, rather than vacuum tubes. Transistors have 
in theory at least, almost infinite life, although transistoi 
failure (particularly in the power amplifier section) is ar 
occasional occurrence caused either by improper use of the 
equipment or by random failure of components. 

The Tuner Section 

THE TUNER SECTION may be equipped to receive only 
FM signals or both AM and FM signals. Since it is possible 
to broadcast stereo (two channel) sound via FM, most hi fi 
receivers have circuitry for decoding the complex composite 
received signal into separate ''left and right" channel signals. 
The front end of the tuner section selects the particular 
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ignal desired from the hundreds of radio signals present in 
ie atmosphere. As you tune the dial, resonant or tuned 
ircuits are changed so as to be responsive to a single fre- 
uency. In the case of FM signals, tuning is adjustable from 
(8 mHz (millions of alternations/second of the radio wave) 


b 108 mHz. Since each FM station occupies a space of 
\.2 mHz, that means a theoretical maximum of 100 sta- 
'ons is possible in one geographical area. Actually fewer 
tations are assigned in any one area, so that one station's 
ignal will not cause audible interference with an adjacent 
tation. In the case of AM, stations broadcast at frequencies 
?nging from 540 kHz to 1605 kHz (1 kHz = 1 000 alterna- 
;ons per second) and selection of desired stations is similar 
b the technique used in FM. 

I The signal is amplified by the front end and mixed with 
locally generated signal in the receiver to produce a dif- 
5 rence frequency known as the IF signal (Intermediate 
‘requency). In the case of AM, the IF frequency is general¬ 
ly 455 kHz. In the case of FM radio, the IF frequency is 
lo.7 mHz. The process is known as superheterodyne and 
ince the local signal and received signal are always a 
■xed amount apart, the succeeding IF amplifiers need not 
Ie variably tuned but can be designed simply to amplify 
•55 kHz (for AM) or 10.7 mHz (for FM). 

Difference Between FM and AM 


M AM RADIO the amplitude of the radio wave is varied 
n accordance with the audio information to be broadcast, 
lence the name AMPLITUDE MODULATION. In FM it is 
he radio frequency that is varied based on audio signals. 
i is this feature that makes FM relatively noise free since 
ioise or static is an amplitude phenomenon. If noise ac- 
ompanies the FM signals the noise can be sliced off by 
ircuits called limiters without impairing the frequency¬ 
hanging nature of the FM signal. 

While the circuits themselves differ, the amplified IF 
;ignals are then applied to a detector circuit which strips 
iff the original audio information. In FM, the detector is 
tailed a ratio detector. The output of either the AM 
aetector or the FM detector is an audio signal suitable for 
application to and further processing by the "preamplifier 
control" section of the receiver. 

In the case of stereo FM the recovered audio signal must 
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be further processed or "unscrambled” to recover the sep 
arate "left" and "right" audio channels. This is accorr 
plished by the multiplex decoder circuits. 

Preamplifier Control Section 

THIS SECTION of a receiver is the "nerve center" of 
high fidelity system. It contains selector switches for choos 
ing audio program sources, tone control circuits for modi 
fying the tonal emphasis of the audio signal, a volume con 
trol for setting the levels of loudness of signals to be fed t( 
the power amplifier section, and the early stages of amptifi 
cation needed to raise the electrical signal strength to a poin 
suitable for application to the power amplifier section. Notr 
that the phonograph input undergoes more amplificatior 
than do either the radio or tape input signals. That is be 
cause the output of a magnetic phonograph cartridge i< 
rninute compared to those other program signals. In addi 
tion, recordings are made with deliberate attenuation of th( 
low bass frequencies (to prevent overcutting of the recorc 
grooves) and accentuation of the higher frequencies (to over¬ 
come or override high frequency record surface noise). The 
phonograph equalizer stages have a response which is the 
converse of the recording response characteristic, as shown 
in Figure 1. Thus, the equalizer restores flat response or 
proper tonal balance. 

The Power Amplifier 

THE FINAL section of a receiver handles any of the 
program source signals fed to it from the preamplifier secr 
tion, amplifying them further, until they are powerful enough 
to drive externally connected loudspeakers. Power amplifiei 
sections in receivers may vary in power capability from jusi 
a few watts per channel to as high as 100 watts or more 
per channel. The most conservative kind of rating is that 
which specifies continuous, or RMS watts, though several 
other means of specifying power output are used by manu¬ 
facturers. The greater the power output rating, the louder 
the sound capability of the amplifier section. If an amplifier 
is driven beyond its power capability, severe distortion 
usually results and the sound becomes unpleasant to listen 
to. Since some loudspeakers require considerably more 
power than others to produce a given amount of sound 
power output, it is almost impossible to generalize as to how 
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much power output one needs in a power amplifier to pro¬ 
duce realistic, loud, clean sound. 

Many receivers make provision for connecting more than 
one pair of stereo speaker systems. When multiple pairs of 
speaker systems are used and listened to simultaneously (as 
in two different rooms), power necessarily divides between 
the sets of speakers. Solid state amplifier sections operate 
well with speakers of impedance ranging from 4 ohms to 
1 6 ohms, but if lower impedances are used (as in the case 
of paralleling two or more sets of speakers), power output 
sections may overheat because of excessive current drain. 
Unless protective circuits or fuses are incorporated, severe 
damage to the amplifier can result. 

While transistors produce less heat than vacuum tubes did, 
they do produce some, and adequate ventilation should be 
provided around the receiver cabinet, to permit air flow and 
proper heat dissipation. 

Preventive Maintenance 

THERE IS little or no maintenance required with today's 
modern solid state receivers. If supplied in a wooden en¬ 
closure or cabinet, make certain that the holes or ventilating 
slots above the cabinet are left exposed, with at least three 
or four inches of air space above them. If the receiver is to 
be installed in your own furniture cabinet, allow at least 
as much air space around the unit as was afforded by its 
own enclosure. From time to time, use a small hand vacuum 
cleaner to remove dust from the chassis and components, 
always disconnecting the power cord from the wall outlet 
before cleaning. Although some receivers use parts which 
require no alignment, others must be aligned periodically. 
Approximately every year or two, the receiver should be 
brought to a qualified service center for realignment of the 
FM and AM tuner sections. This will insure optimum sensi¬ 
tivity and station-pulling ability as parts age over the years. 

If your receiver was not supplied with a full service manual 
and schematic diagram when purchased, it is a good idea 
to write to the manufacturer and obtain such material, even 
if there is a small charge involved. In that way, if, years 
from now, the unit requires major servicing, you will be 
able to supply the service technician with adequate informa¬ 
tion which might no longer be available from the manu¬ 
facturer. Good service technicians often can find the source 
of trouble without such aids, but having a manual and 
schematic cuts down the trouble-shooting time considerably 
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and reduces servicing costs. 

If trouble develops and cannot be corrected by trying the 
steps outlined below, DO NOT attempt to go beyond the 
simple remedies listed. A receiver is a complex piece of 
electronic equipment, and by attempting to unsolder parts 
and replace them yourself, you may overheat and damage 
nearby parts, especially if they are installed in printed cir¬ 
cuit boards or modules. Of course, if you still own a tube- 
type receiver, it is perfectly all right to remove tubes and 
have them checked at your nearest TV or radio repair shop. 
Make certain, however, that you note their location on the 
chassis before removing them, since not all receiver chassis 
are marked with tube notations. 

In many cases, a tube that reads marginally acceptable 
in a tube tester socket should be replaced, since In a high 
quality stereo receiver it is expected to operate at optimum 
levels. If any of the "front-end" or IF section tubes are re¬ 
placed, it is generally advisable to have the radio section 
completely realigned, since new tubes can change the align¬ 
ment characteristics of the FM or AM section of the receiver. 


PROBLEMS, CAUSES, REPAIRS 


Problem: No sound or panel illumination when 
power is switched on 


Possible cause: 

1. AC plug not connected 

2. Home fuse or circuit 
breaker needs replacing 
or tripping 


Repair: 

1. Connect plug. 

2. Replace fuse. If fuse con¬ 
tinues to blow, refer to 
qualified technician. 


Problem; Set lights up, but no sound 


Possible cause: 

1. Speaker fuse blown 

2. Tape Monitor switch on 

3. Open speaker cables 

4. Selector switch impro¬ 
perly set 


Repair: 

1. Check speaker fuses. 

2. Set Tape Monitor to 
Source or Normal. 

3. Check speaker cable con¬ 
nections and speaker selec¬ 
tor switch settings. 

4. Check FM muting switch 
(turn off) and tuning meter 
if on FM or AM. 
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Problem: Hum is heard on phono 
Possible cause: Repair: 


1. Poor or no ground 
from record player to re¬ 
ceiver chassis 

2. Open audio cable from 
player to receiver 


1. Connect ground v\/ire 
from changer to set. 

2. Replace changer audio 
cables. Check that selector 
switch is set to appropriate 
phono setting. 


Problem: Howling feedback sound when volume 
is turned up 

Possible cause: Repair: 

1. Record player too close 1. Reposition record 

to speakers changer. 

2. Bass control set too 2. Turn down bass control, 
high 

3. Loudness on 3. Turn off loudness con¬ 

trol when listening at loud 

levels. 


Problem: Rough, scratchy or distorted high- 
frequency sounds 


Possible cause: 

1. Worn stylus, worn 
record 

2. Treble control set too 
high 

Problem: Buzzing on AM 

Possible cause: 

1. Nearby fluorescent 
lights or other nearby 
electrical appliances 
operating 


Repair: 

1. Check stylus condition, 
test with known good rec¬ 
ord or on FM. 

2. Use high-filter setting 
if required. 


Repair: 

1. Change orientation of 
AM bar antenna; eliminate 
local source of interference; 
install outdoor AM an¬ 
tenna. 
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A S SIMPLE as loudspeakers are in theory, new 
loudspeaker systems continue to appear on the 
market every year—each claiming to be superior 
to all its predecessors. The fact is that loudspeakers, 
or more properly loudspeaker systems (which may con¬ 
tain many "loudspeakers” in a single enclosure or cabi¬ 
net), are the least perfect element of a high fidelity com¬ 
ponent system. Whereas electrical and electronic circuits 
can be built to amplify and process audio signals with 
virtually no distortion or alteration, loudspeakers are a 
class of components known as transducers—devices that 
transform electrical energy back to mechanical energy 
(or vice versa), and as such they are subject to all the 
limitations imposed upon purely mechanical devices. 

Figure 1 represents a simplified cross-sectional view of 
a conventional dynamic loudspeaker. Current flowing 
through the voice coil causes it, and the mechanically- 
connected cone or diaphragm, to move back and forth, 
repelled or attracted to the fixed, permanent magnet struc¬ 
ture at the left. The entire voice-coil/diaphragm struc¬ 
ture is suspended (but free to move) at the voice coil area 
and at the forward portion of the cone. 

The generation of sound depends upon alternate com¬ 
pressions and rarefactions (partial vacuums) of the air 
projected into the listening room. If a "raw" loudspeaker 
such as that shown in Figure 1 is the sound source, each 
compression of air in front of the speaker is accompanied 
by a rarefaction of air at the rear of the cone. Unbaffled, 
compressed air waves from the front rush around to 
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equalize the partial vacuum at the rear thereby cancelling 
some of the sound you would normally hear—particularly 
at low bass frequencies. 

At higher frequencies, the air does not have time to rush 
around from front to back since the speaker cone is mov¬ 
ing so rapidly back and forth. It is for this reason that a 
variety of speaker enclosures was developed to prevent 
the cancellation effect or, in some cases, to use the "back- 
wave” to actually reinforce the forward-emanating sound 
waves. 

Two-way, Three-way and Four-way Systems 

JUST AS IT would be^ difficult for a single human voice 
to handle bass, baritone, tenor and soprano vocal efforts 
musically, so is it difficult for a single speaker element 
to handle all the audio frequency range from lowest bass 
to highest treble. Accordingly, many hi-fi speaker systems 
utilize two, three and even four separate speaker driver 
elements, each designed to handle a particular fairly nar¬ 
row range of audio frequencies. Based upon the number 
of sections into which the audio spectrum is divided, such 
systems are called two-way, three-way or four-way. The 
number of speaker elements in a speaker system is not 
always the same as the number of "ways" because often, 
the high frequency elements (called "tweeters") are doubled 
to provide better angular sonic dispersion or for other de¬ 
sign reasons. 

Auxiliary parts in a multiple speaker element system 
include crossover networks and one or more level con¬ 
trols. The crossover network is an electronic circuit which 
splits up the sound spectrum into the required segments— 
lows, middles and highs in a three-way system for example. 
The border frequencies between one range and another 
are called "crossover frequencies." Level controls for the 
mid-range and high-frequency elements are often included 
to permit the user to adjust overall speaker response to 
suit personal taste or the acoustic characteristics of the 
listening room. 

Speaker Enclosures 

AS PREVIOUSLY mentioned, speaker systems include 
enclosures which are an integral part of the total design 
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and help to reinforce bass reproduction. Enclosures can 
be roughly divided into three types: closed boxes, ported 
or bass-reflex types, and horn-loaded types. The closed 
boxtype is hermetically sealed so that sound emanating 
from the rear of the speaker element is absorbed inside 
the box (which is usually lined with absorbent material). 
While closed boxes usually excel in sound quality, they 
require rather large dimensions to obtain satisfactory 
bass response. A modern variety of the closed box is the 
air suspension (or acoustic suspension) type, often used 
as compact bookshelf speaker systems, in which the woofer 
(low frequency driver) is rnounted with a soft cone sus¬ 
pension so that it can make greater piston movements 
for better bass response. Such designs are, however, rather 
inefficient and require greater amplifier power for equiva¬ 
lent sound levels compared to the more efficient bass- 
reflex and horn types of designs. 

The bass reflex design, on the other hand, boosts bass 
sound by rechanneling part of the rear sound back to the 
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front via a duct, or port, as shown in Figures 2 and 3. 
The port or opening must be optimally "tuned” to the 
woofer with which it is used and such designs are widely 
used because of their smaller volume (compared to the 
infinite baffle closed box types), and higher efficiency (com¬ 
pared to air suspension designs). Their drawback is that 
the bass sometimes sounds a little boomy, tending to em¬ 
phasize a narrow band of frequencies rather than the entire 
bass region. 

Outdoor speaker systems and, for that matter, a great 
many movie theater sound systems, employ speaker sys¬ 
tems designed as "horn enclosures." A true horn design, 
with a constant rate of flare, provides a proper match 
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between the cone of the driver loudspeaker and the air 
to which the sound energy must be coupled. To be ef¬ 
fective, horns must be designed to a length determined 
by the lowest cut-off frequency desired. For example, a 
horn capable of 32 Hz reproduction would have to be 
about 9 feet long! Obviously, the average sized living room 
would not easily accommodate one of these monsters. 
Nevertheless, horn designs provide by far the greatest 
speaker efficiency attainable and are often used in high- 
frequency (tweeter) arrays in multi-element home speaker 
systems. 

For use at lower frequencies many manufacturers have 
developed variations of the horn principle called "folded 
horn" designs. The enclosure is first designed as a "horn" 
and then folded back on itself to reduce its physical length, 
as illustrated in Figure 4. 


Preventive Maintenance 


MODERN LOUDSPEAKER systems are essentially trouble 
free and should give good service for many years. They 
are, however, NOT indestructible. The chief cause of fail¬ 
ure in loudspeaker systems is the application of too much 
audio power to the system, which can cause excessive 
current to flow in the voice coil, thereby burning out or 
opening the voice coil windings. One simple way to avoid 
this is to install quick-acting fuses in series with one of 
the wires leading from the amplifier output terminals to 
the speaker terminals. Miniature fuses similar to those 
used in automobile electrical circuits are best, and are 
available in various ampere ratings. They can be mount¬ 
ed in fuseholders specifically designed for them and these 
fuseholders can, in turn, be mounted by means of wood 
screws to the back of the speaker cabinets. 

Table 1 lists fuse sizes to be used to limit the power 
applied to loudspeakers. Loudspeaker manufacturers gen¬ 
erally rate the maximum power handling capacity of their 
products in their sales and advertising literature, and once 
this maximum rating is determined, you can select the 
proper fuse to protect your speaker system permanently. 

Occasionally, one element of a speaker may be de¬ 
stroyed while the other drivers remain operative. For ex- 
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enclosure 


Figure 4, 



Cross section of '"folded horn" enclosure 
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ample, an amplifier may be oscillating at a very high 
(inaudible) frequency and, though you do not hear this 
oscillation, the high frequency energy may be enough to 
burn out the tweeter of your system. Amplifiers and re¬ 
ceivers should be checked periodically by a professional 
hi-fi service station to make sure that no such instabilities 
have developed. If you own even a low cost oscilloscope 
you can easily check for this oscillation yourself by con¬ 
necting the terminals of the oscilloscope to the terminals 
of your speaker systems and observing the 'scope for any 
evidence of high frequency oscillation that is not related 
to the musical programming to which you are listening. 
Alternatively, if you own a good AC vacuum tube volt¬ 
meter, you can read across the speaker terminals when 
there is no program playing through them (but with 
the amplifier or receiver turned on). If the meter reads 
more than a few millivolts of AC (the normal residual 
hum) you can suspect that your amplifier may have 
some instability. 

Even if you have fused your speaker systems, it is a 
good idea to drive them with amplifiers or receivers which 
do not put out more power than the system is capable of 
handling safely. While you may never turn up your vol¬ 
ume control to dangerous levels, others in your house- 


Maximum 

TABLE 1 

Speaker Impedance 

Fuse Size 

Speaker Power 


(Amps) 

10 watts 

4 ohms, (8 ohms) 

1.5 (1.0) 

20 watts 

4 ohms, (8 ohms) 

2.0 (1.5) 

30 watts 

4 ohms, (8 ohms) 

2.5 (2.0) 

50 watts 

4 ohms, (8 ohms) 

3.5 (2.5) 

7 5 watts 

4 ohms, (8 ohms) 

4.0 (3.0) 

100 watts 

4 ohms, (8 ohms) 

5.0 (3.5) 

200 watts 

4 ohms, (8 ohms) 

7.0 (5.0) 
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hold may accidentally do so while the receiver or ampli¬ 
fier is off, and then when you go to turn on the system, 
the initial sharp transient may be enough to destroy one 
^ or more drivers in the speaker system. 

i As a general practice, whenever you go to turn on your 
hi-fi system, always start with the master volume control 
all the way counterclockwise. This will prevent popping 
i noises from the speaker on turn-on. While many ampli- 
1 fiers are equipped with protective fuses or even circuit 
, interruption schemes, these devices protect the amplifier 
I from excessive current, but will not protect speakers if 
their power handling capacity is not equal to that of 
the electronics driving them. 

If your speakers have removable front grills, never 
operate them with grills removed for long periods of 
time, as the grills prevent dust accumulation and inad- 
! vertent puncturing of woofer cones. 

I 


PROBLEMS, CAUSES, REPAIRS 


Read speaker warranty carefully. Avoid home 
repairs if they would void warranties. 


Problem: One system 
sound. 

Possible cause 

Open or shorted speaker 
cables; defect in driving 
amplifier; defective 
speaker system itself 


of stereo pair produces no 
Repair 

Isolate trouble by first 
interchanging speakers 
to left and right outputs 
of amplifier. Make rever¬ 
sal at amplifier end. If 
same speaker as before 
is quiet, try new speaker 
cable. Also check speak¬ 
er fuse, if supplied. If 
still dead, trouble is in 
speaker system. If other 
speaker dead, trouble is 
with amplifier and not 
with speaker. 
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Problem: System produces only low bass sound- 
no highs. 


Possible cause 

Tweeter may be defec¬ 
tive, or connection to it 
may have come loose 


Repair 

If manufacturer permits 
opening system within 
terms of warranty, open 
system and check for 
continuity of tweeter by 
using an ohmmeter 
across its terminals. 
Reading should be only 
a few ohms. If 'infinite" 
reading is obtained, 
tweeter voice coil is open. 
Replace tweeter with 
manufacturer's exact 
duplicate only. 


Problem: Raspy, buzzy sound when playing at 
high volume levels. 


Possible cause 

Voice coil of woofer or 
mid-range element may 
be off-center and rubbing 


Repair 

With front grill removed, 
gently depress woofer,' 
applying pressure with 
all five fingers to center 
of cone. If rubbing is 
heard or detected, replace 
entire woofer with man¬ 
ufacturer's exact dupli¬ 
cate. Follow same pro¬ 
cedure with midrange 
units if found defective. 
Also check for loose 
parts (capacitors, coils, 
screws found loose, etc.) 
that may be rattling 
against speaker frame 
due to sound vibration. 
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Problem: Reduced sound, 
system of stereo pair. 

Possible cause 

Defective amplifier or 
strand of wire shorting 
across amplifier or 
speaker terminals 


intermittently, from one 
Repair 

If amplifier is hot at fault 
(check as in "'no sound"' 
condition above), check 
visually for possible 
single strand of stranded 
wire cable bridging 
across speaker terminals 
or amplifier terminals. 
Clear ""bridging short."' 


Problem: Mid-range or tweeter system varies in 
intensity with accompanying static type noise. 


Possible cause 

Dirty or defective speak¬ 
er level controls 


Repair 

Rotate each level control 
back and forth several 
times, listening for static 
type noise with ampli¬ 
fier on, but no music 
playing. If noisy, spray 
control element with suit¬ 
able electronic control 
cleaning spray. If this 
does not correct trouble, 
replace with manufac¬ 
turer's proper replace¬ 
ment control. 


Problem: Bass seems deficient, stereo imaging is 
vague (after re-connection of systems) 

Possible cause Repair 

Speakers may have been Try reversing connec- 
reconnected ""out-of- tion to one speaker only, 
phase" 
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Ta|)e 

Recoi*d©r8 

JB^GNETIC recording tape used in tape recorders 
^o^sists of a thin film of polyester or acetate with a 
of fine iron oxide particles imbedded in a suit- 
^ble adhesive. These particles can be magnetized in 
a magnetic field and will retain this magnetization. During 
the record process on any tape recorder (and this applies to 
open-reel, cassette or cartridge machines), electronic sig¬ 
nals corresponding to the desired sound source are ampli¬ 
fied and applied to the coil of a small electro-magnet called 
the ''recording head." This creates a magnetic field which 
alternates In accordance with the sound's frequency and in¬ 
tensity, In and around a tiny gap between the poles of the 
magnet. As the tape travels past the recording head, its 
iron oxide particles are magnetized by the alternating mag¬ 
netic field. The tape therefore stores the sound information 
in the form of a magnetic pattern. 

In playback, the reverse process occurs. The tape is 
transported past a playback tape head—another small 
electro-magnet with essentially the same structure as the 
record head and induces a small alternating current in 
the magnet s coil. This small signal is then amplified and 
used to drive a loudspeaker. 

Track Arrangements 

EARLY TAPE recorders used the full width of the tape for 
a single recorded program. Later, with refinements In tape 
recorder components, recording tape and techniques, the 
tape width was divided Into two tracks, and then four. In 
open reel recorders, four-tracks remains the standard today 
for home equipment; the tracks may be used for recording 
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two stereophonic programs or a single quadraphoni* 
(four-channel) program, as diagrammed in Figure 1. 0 
course, if single channel recording is required, four separah 
programs can be recorded, each using one of the availabh 
tracks. Table 1 shows the standard lengths and types o 
tape available for open reel recorders and indicates re 
cording times available based upon one-direction or two 
direction recording. 

Tape Speeds 

TAPE SPEED is of significant importance in sound quality 
especially where high (treble) frequencies are concerned. 
The higher the tape speed, and the narrower the tape head 
gap, the better the high frequency response of the resultant 
recording. Recent advances in recording head technology 
have made it possible to fabricate ultra-narrow head gaps 
so that excellent frequency response can now be obtained 
even at slower tape speeds. Tape speed is, of course directly 
related to recording time, and in Table 1, the recording 
times listed are based upon tape speed of IV 7 . inches per sec- 
ond, the speed at which all pre-recorded tapes are duplicated. 
At 2% ips, recording time would be double that shown while 
at the "professional” tape speed of 15 ips (available on a 
tew home machines) time would be cut in half. 

Tape Quality, Bias and Equalization 

IN RECENT years, new tape formulations have appeared 
on the market. These include so-called "low noise" tapes 
and Chromium Dioxide tapes. In order to utilize these non¬ 
standard tape varieties properly, a tape recorder must have 
switchable bias and equalization. Bias is the name given to 
a high-frequency signal (usually above 65 kHz) which must 
be applied to the tape during recording to avoid distortion 
while equalization is a deliberate alteration of frequency 
response during record and playback so as to produce end 
results which have flat response. The new types of tapes re¬ 
quire different bias and equalization from the older standard 
type, and unless your recorder has specific provisions for 
making these changes (usually by means of front panel 
switching), the newer forms of tapes (especially Chromium 
Dioxide) may end up giving poorer results on your record¬ 
er than older, standard tape. 
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In stereo open reel decks, tracks 1 & 3 are used for one 
program, tracks 2 & 4 for second program recorded and 
played by reversing tape reels. For 4-channel recordings, 
all 4 tracks are used in recording single program in one 
direction. 


Figure I 


Tape Drive Mechanism 

THE MECHANICAL part of a tape deck (often referred 
to as the tape transport system) has to move the tape past 
the recording and playback heads at a constant, specified 
speed. This is accomplished by a rotating capstan against 
which the tape is pressed by a pinch roller wheel. The 
i mechanism must also perform two other functions: rapid 
I forward winding and rapid rewinding of the tape reels. All 
three tasks can be performed by a single motor and a sys- 
1 tern of belts, pulleys and idler wheels, as shown in Figure 2. 

Where greater precision and quality is required, separate 
I motors can be used to drive the capstan and both reels, or 
three separate motors may be used, one for each reel and 
1 one for the capstan drive. In two or three motor deck 
transports, the capstan and reel motors are of radically 
different design so that each can perform its task with 
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maximum efficiency. Top quality tape transports are often 
controlled via electronic circuits and relays and may 
employ a variety of tension regulators and other devices 
designed to protect the tape from excessive forces or 
spillage. Figure 3 shows a three motor drive arrangement. 

Erase, Recording and Playback Heads 

TAPE RECORDERS require at least two heads—an erase 
head which eliminates the previous magnetization on the 
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tape and a combined record/play head. The arrangement 
for such a two-head system is shown in Figure 4. Better- 
quality machines will use three heads—an erase head, a 
’ record head and a separate playback head. Not only can 
each head then be designed specifically for its own purpose 
I (and the criteria for a record head differ from those of 
a playback head), but three heads in a recorder permit 
''tape monitoring"—a really accurate recording Control 
technique. As the tape travels past the recording head it is 
magnetized with the program signal. Then, as the tape 
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travels past the playback head, the just-recorded sound 
can be picked up and monitored so that the operator 
can compare the source sound instantly with the recorded 
sound and make necessary readjustments. Because of the 
spacing between the heads there is a short time lag be- 
^een source sound and tape-monitored sound. A three 
headed tape record system is shown in Figure 5. 

Recording Level 

SINCE RECORDING tape has a limited capacity for stor¬ 
ing magnetic information, the strength of signal applied to 
the tape head must be controlled. This is done with a con¬ 
trol knob or pair of knobs and by observing one or more 
level meters, generally referred to as VU meters. Excessive 
recording level causes distortion in the recorded results, 
while insufficient level results in noisy, hissy tapes because 
the program level is not far enough above the residual 
noise level of the tape particles themselves. 

Other Mechanical Features 

TO MAKE tape decks even more convenient to use, a num¬ 
ber of additional features have been designed and are used 
in some machines. An automatic stop mechanism is com¬ 
mon. It halts the reels when the tape runs out and in some 
cases even turns off the entire machine. Various automatic 
reverse arrangements also have been devised, one of which 
is the sensing foil method. The user applies short pieces 
of adhesive metallic foil near either end of the tape. Tape 
guide and tension arm (two parts in the normal tape path) 
act as switch contact points for a relay and when the metal 
sensing foil reaches these parts the reversing relay is acti- 
vated, causing the tape to travel in the reverse direction. If . 
the foil IS affixed to each end of the tape, the tape travel 
will continue to be reversed back and forth each time the ^ 
end of the tape is sensed by the switch contacts. It should I 
be noted, however, that an auto/reverse deck requires two I 
erase heads and two double-action record/playback heads \ 
which generally makes this feature somewhat costly. j 

Preventive Maintenance 

FOR TOP-QUALITY performance, it is imperative that all 
tape heads be kept clean at all times. Dust and magnetic 
particles become deposited on the heads after prolonged use : 
and this will rapidly deteriorate sound quality. Heads 
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should be cleaned periodically by rubbing the entire head 
surface with a cotton swab stick soaked in rubbing alcohol 
or any of the specific cleaning compounds sold for this pur¬ 
pose. 

If magnetic particles from the tape, or other foreign mat¬ 
ter, are allowed to accumulate on the pinch wheel and cap¬ 
stan, irregularity in tape transport will occur, detectable 
as increased *^wow^* or ^Tlutter.^^ These parts are cleaned 
in the same manner as the heads. Be sure to avoid the use 
of chemicals such as chlorothane or other household clean¬ 
ing fluids, since these may chemically react with the rubber 
pinch roller, causing it to deteriorate. 

Normally, the steel pole pieces which form part of the re¬ 
cording and playback heads become slightly magnetized 
after extended use. The effect of this magnetization may be 
the introduction of noise into recordings made on the ma¬ 
chine. Head demagnetizing therefore should be performed 
periodically. This can be done with the aid of a bulk head 
demagnetizer by bringing it close to the heads and making 
several circular motions over the entire head surface area 
as well as around the head housing, if it is constructed of 
ferrous metal. Always turn off power to the unit prior to 
demagnetizing of heads and avoid the use of magnetized 
tools (screwdrivers, etc.) in the immediate vicinity of the 
heads. 

Recorded tapes, when stored for long periods of time, 
often exhibit an effect called "print through." Because the 
layers of tape are tightly wound to each other, a minute 
amount of magnetization from one layer may cause an 
adjacent layer to become slightly magnetized with its 
neighboring signal pattern. This can be detected during 
subsequent plays as a slight echo or pre-echo. Since fast 
rewind generally winds the layers of tape tighter than would 
normal-play speed, many professional recordists DO NOT 
rewind tapes after pisy, but store them in the so-called 
"tail out" position, rewinding them only just prior to their 
subsequent playing. Tapes should be stored at moderate 
room temperature, if possible, for greatest durability. 

Note: Since open-reel tape decks are generally com¬ 
plex electromechanical assemblies, troubles other than 
those listed below should be referred to qualified ser¬ 
vice personnel, preferably the service agency speci¬ 
fied by the maker of the particular tape deck. Do not 
substitute parts for those supplied originally, es¬ 
pecially parts associated with the transport mechan¬ 
ism, as these are generally custom fabricated for 
each machine. 
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Problem: Loss of sensitivity and tone quality 
Possible cause Repair 


Dirty erase head; wrong 
side of tape facing heads; 
magnetized head; tape 
selector switch set incor¬ 
rectly 


Problem: Machine will not 
motions are OK. 

Possible cause 

Pause button may be 
engaged; tape/source se¬ 
lector incorrectly set; In¬ 
put and output level con¬ 
trols incorrectly set; Faulty 
electronics (record or 
playback preamplifiers) 

Problem: Irregularity (wow 
tape transport. 

Possible cause 

Dirty capstan or pinch- 
wheel. Sticky or dirty tape 
surface. Improperly load¬ 
ed tape. Slipping belts 
in one-motor drive sys- 
tern. Incorrect reel tension 
adjustment 

Problem: Tape will not run. 
Possible cause 

Blown fuse. Power not 
on because of auto-shut- 
off feature. Pause button 
depressed. Twisted or 
sticky tape. Burned out 
motor or sticky tape. 
Burned out motor or 
transport relays 


See suggestions under 
preventive maintenance. 
Check tape type in use 
and set machine proper¬ 
ly. Check tonal settings 
on auxiliary amplifier. 

record or play. Transport 


Repair 

Check settings of all con¬ 
trols as noted. Check VU 
meter readings. If no 
readings obtained, prob¬ 
ably faulty electronics, 
in which case, refer to 
qualified service agency. 

or extreme flutter) in 


Repair 

Check all points refer¬ 
enced for cleaning, per 
instructions under main¬ 
tenance. If available, 
check service manual for 
adjustment of tension in 
drive system, etc. 


Repair 

Check power cord, fuses, 
etc. Check power switch. 
Release pause switch. 
Check for capstan rota¬ 
tion. Check for defective 
relays or solenoids; re¬ 
place if defective. 
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Problem: Previous recording will not properly erase. 


Possible cause 

Dirty erase head. Faul¬ 
ty erase/bias oscillator 
circuit. Open coil in erase 
head 


Repair 

If head is cleaned and 
trouble persists, have bias 
circuit and erase head 
continuity checked by 
qualified service personnel 


i Problem: Distorted or noisy sound. 


I Possible cause 

i Recording level too high 
j or too low. Input level to 
I auxiliary amplifier too 
j high. Old or defective 
I motor relays 


I 


Repair 

Check all level settings. 
If OK on recorder, re¬ 
duce output level on re¬ 
corder during play, in¬ 
creasing volume setting 
on associated amplifier. 
Repeat recording with 
fresh tape. 


! 


I Problem: Tape breaks or spills during fast forward 
I or rewind. 


Possible cause 

1 Misadjustment of belt 
I tensions or defective reel 
' motors (on multi-motor 
I machines). Also, defective 
i motor relays 


I 


Repair 

See service manual for 
proper belt adjustments. 
Check for proper action 
of relays and solenoids 
in multi-motor machines. 
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Phonographs 


P ORTABLE PHONOGRAPHS only are the subject of 
this chapter; stereo components are covered sepa- 

posable 

phonograph has been replaced in recent years by 
ower-pr^ed hi-fidelity "compacts." CONSUMER GUIDE Mag^ 
azine endorses the switch to compacts and recommends that 
quality and pricing of these units from any 
Mp ^ Ju manufacturers before purchasing a portable'^ 

Nevertheless for children, for those concerned vJ?th easy 

t^o^thP h?' primarily at the prici 

S' fnr .T phonograph still has its place, and probably 
Will for a long time to come. ^ 

a phonograph works in the same way 

as the most complex sound system. Its job is to pick up the 
variations within the spiraled groove of the record disc and 
uanslate it into sound. There are four necessary elements 
involved: turntable, pickup, amplifier, and loudspeaker. 

on a turntable at the required speed (45 
^ pretty much standard on discs — even 

children s records are hard to find at 78 rpm), the stylus or 
needle of the tone arm rests in the groove, moving with the 
vibrations. The motion of the stylus is used to generate an 
electric voltage in a cartridge known as a transducer. This 
voltage is then sent to an amplifier, where another transducer 
IS used to change the electrical impulses into audible sound 
waves, which are produced through a loudspeaker. 

At Its lowest common denominator, the entire process is a 
conversion of energies into different forms: from mechanical 
to electrical, and ultimately, to sound. 

In the portable phonograph, each of these steps (the 
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essentials of sound reproduction) is accomplished in one 
assembled unit, although in many higher-priced models, the 
speakers detach for better stereo separation. Ideally, in the 
best hi-fidelity sound systems, each of these steps takes 
place in carefully-designed separate components, but if you 
are not really an audiophile, a portable can serve your 
listening needs adequately. 

How to Choose a Portable 

SOUND REPRODUCTION in a portable phonograph, or any 
sound system for that matter, fails or succeeds by its freedom 
from noise generated by the phonograph parts and by the 
sensitivity of the tone arm and its cartridge which picks up the 
information coded into the walls of the disc's grooves. Noise- 
free sound reproduction balance and relative freedom from 
friction is extremely important. Much of the time, what you 
think is a defect that requires service is actually a weakness in 
the system itself. If you buy carefully, you will have fewer 
causes for complaint. 

As with any mechanical device, total elimination of friction 
is impossible, but it is possible to do away with most of the 
problem through the use of ball bearings and rubber wheels — 
even on inexpensive children's phonographs — and a phono¬ 
graph with low friction will last longer and give better sound 
from the time you buy it. 

The tone arm of a phonograph should have a counterweight 
to assure that the arm makes a correct arc over the record and 
to prevent the arm from the vibrations which cause resonance. 
Almost all higher-priced portable phonographs (those in the 
$80 to $120 price range) should have decent counter¬ 
weights, but most of the inexpensive models have extremely 
flimsy tone arms, one of the primary reasons for their poor 
sound quality. Before purchasing any model, however, make 
sure there is some balance. On higher-priced units, there 
should also be a ball bearing device to reduce friction as the 
tone arm moves. 

Ultimately, however, it is the stylus or "needle" which 
determines the sensitivity of the phonograph. In most cases 
today, the needles employed are made of industrial diamonds; 
however, on the inexpensive portable phonographs, sapphire 
needles are still widely used. The sapphire needle is inferior 
to its diamond counterpart, and provides far less listening 


CONSUMER GUIDE 


213 







PHONOGRAPH DIAGRAM 


Phonographs 



214 


CONSUMER GUIDE 


Speed Control Knob 





Phonographs 

time before requiring replacement. For that reason, unless 
the unit is going to serve only as a toy, CONSUMER GUIDE 
Magazine recommends that you consider only units which 
take a diamond stylus. 

As with the tone arm, balance is a key factor in the 
performance of the turntable. The turntable should have a 
certain resiliency to allow for variables with the records and 
i with the device which "drives" the turntable or makes it spin. 

1 Fluctuations in the speed of the driving mechanism can cause 
I two different kinds of distortions: "flutter," which is a 
trembling effect caused by erratic speed changes, and 
i "wow," which is a tonal undulation. In the turntable driving 

* device there should be as little friction as possible, and a 
I rubber wheel should be used to assure smooth, noiseless 

function. Lastly, the turntable should be made of a non¬ 
magnetic material, to keep interference with the pick-up of 
the stylus at a minimum. 

• These, however, are ideal conditions which are missing on 
j all but the best models in the category. Children's portable 

phonographs often have turntables made of plastic which 
appear to be carved out of the base. These turntables, often 
I very poorly designed, are forever getting stuck, as friction 
wears away the "heavy duty" plastics creating jagged edges 
and irregular revolutions. Again, only if the phonograph is 
actually going to be used as a toy should one of these units be 
purchased. 

' There is an evident ambivalence in discussing portable 
phonographs, for we are really talking about two different 
types of phonographs, one geared for children, the other for 
inexpensive but serious listening pleasure. The decision on 
the intent of usage is a prerequisite in choosing any model. 

One factor which crosses lines, and is important when 
picking out a phonograph is portability. There are numerous 
models on the market which are labeled as "portables" which 
are actually much too heavy and awkward to be carried from 
place to place. Be sure to check the size and weight of the 
unit if mobility is a concern, and the ease with which the 
model can be carried by its handle. There are also "true" 
portables available, AC/DC phonographs which can operate 
on batteries alone, as well as household current, if you want 
to use the phonograph outdoors. 

In picking out a children's record player, you will have to 
choose every feature. They start with manually operated 
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monaural units with two speeds and are stepped-up to three 
and four-speed models with an automatic record changer and 
separating speakers. 

In the high-end of portable phonographs, all of the specifi¬ 
cations of more sophisticated stereo equipment should be 
taken into account, speaker size, EIA power rating, etc. (see 
section on components) but allowances should be made 
considering the limitations in this price range. You will rarely 
find such features as balance control on the inexpensive 
phonographs (some do not even have any control other than 
volume) but do not purchase a more expensive portable 
unless it gives you some amount of stereo balance and bass 
and treble manipulation. 

PROBLEMS, CAUSES, REPAIRS 

WITH THE SIMPLE phonographs, it is often very easy to 
determine what is wrong with the unit and how it should be 
fixed. The first place to look is at the needle, especially if 
your phonograph uses an easily damaged sapphire stylus. 
Because the sensitivity of the stylus is tantamount to the 
sensitivity of the phonograph, it is critical to keep it free of 
dust or other foreign matter. 

Assuming you want to move your portable around, always 
make sure the tone arm is firmly locked into place and will not 
move about when being transported. Not only can this break 
or scratch the needle, it also can rip the entire tone arm out. 
Although some of the children's phonos on the market today 
can take a surprising amount of abuse, the stylus is still a 
delicate component. In fact, if you have an old model which 
does not have a good lock, it would be wise to keep a rubber 
band with the phonograph, and to fasten the tone arm down 
each time after use. 

Tonal undulations, which we called "wow" before, are 
usually caused either by an unconstant rotation of the 
turntable, in which case the driving mechanism or the speed 
changing shaft should be checked, or by the record itself, if the 
spindle hole is too large. The trembling rapid speed variations 
of "flutter," on the other hand, are almost always caused by a ' 
worn part of the driving mechanism which can be replaced 
easily. * 

Vibrations or resonance usually emanate from the tone arm ^ 
when it fails to make a proper arc across the disc or when it 
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starts to vibrate with the grooves. For this reason, it is 
important to have a well-balanced tone arm. 

Amplification problems, on the other hand, are much more 
difficult to deal with. Nine out of ten times the real source of 
the problem, especially with the one-package portable phono¬ 
graph, tends to be the loudspeaker rather than the amplifier, 
which has a much better reliability. The amplification in 
portable phonographs always has a certain amount of dis¬ 
tortion, but it is in the speaker itself that more breakdowns 
occur. If your speakers separate, always check the connecting 
wires first, to make sure they are firmly fastened. 

There are a number of other small things you can do to 
maintain your portable phonograph longer.. First among these, 
with automatic record changers, is avoiding the temptation to 
stack too many records on the spindle. This often throws off 
the balance of the turntable, and sometimes plays havoc with 
the tone arm as well. Also, as with most so-called "heavy 
duty" plastics, keep the unit away from strong sunlight — 
plastic cracks and melts more easily than you or the manu¬ 
facturer would like to believe. 
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A QUICK LOOK at some of the sophisticated radios on 
the market today can obscure the fact that the same 
basic principle of wireless transmission pioneered by 
Guglielmo Marconi in 1895 is still operating today. 
While technology has vastly improved since those days, and 
sophistication is the rule, the essential facts of radio 
transmission and reception are well within the layman's grasp. 

In its simplest form, the radio is comprised of five essential 
elements: an input circuit to tune the transmitted frequencies, 
a "demodulation" circuit to separate the audible frequency 
from the high-frequency carriers, vacuum tubes or transistors 
to amplify the audible frequencies, and a loudspeaker. 
Whatever else your radio may do, its primary function is to 
remove the audio information sent through electromagnetic 
carrier signals, amplify the "demodulated" signals, and send 
the information out through a speaker. 

Avoiding the highly technical parts of the process, here is 
how a radio works. A receiving antenna, which today is 
usually a ferrite rod, picks up the electromagnetic signal 
transmitted by the broadcasting station, thus beginning the 
first step of "selectivity" — the radio's ability to screen out 
signals which are sent at close frequency to one another. The 
selectivity, however, is minimal and the signal is very weak at 
this point; so it must be boosted by the "frequency 
amplifier," which also increases the radio's selectivity. 

The incoming signal is then combined or "beat" with 
unmodulated oscillations generated by a local oscillator to 
produce a lower radio frequency signal which contains the 
same audio information as the initial signal. This, in turn, is 
amplified by an "intermediate-frequency amplifier." In the 
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fr^-m ® ^ ^ , detector" demodulates the intermediate- 

frequency signal, and rectifies, filters and amplifies it further. 

speaker^*^sound is produced through the 

There are of course, a number of complicated processes 
involved, and intermediate steps, but this is the basic story in 
radio reception. ^ 

In conventional broadcasting, the electromagnetic signals 
are sent either through FM (frequency modulation) or AM 
(amplitude modulation). The reception process for both is 
fairly similar, although there are important differences on the 
broadcast end and in the demodulation itself. FM radio signals 
also are less inclined to distortions by atmospheric conditions 
or other disturbances which can cause havoc with the AM 
band. 


In addition to AM and FM, there is also the entire realm of 
short-wave broadcasting, but that is a factor only on the 
multiband units which are on the market today. 

*^'’03dcasting is achieved through FM Stereo 
Multiplex, a system in which the radio receiver is able to 
capture two sound channels on one signal. Although there are 
patents for broadcasting stereo in AM, there has been only 
minimal experimentation with the systems to date, and their 
first application probably will be with automobile radios. 


How to Choose a Radio 


IN SELECTING a radio (we are here confining ourselves 
exclusively to better-quality AM/FM portable and table-top 
models) there are a number of considerations to keep in mind 
to be sure of good performance and fewer service needs. 

Preeminent among these considerations is solid state 
circuitry. In the past, 90 percent of all maintenance problems 
with radios were due to tubes, so with their elimination most 
o t e big headaches also have vanished. Transistors are 
much more reliable than the old vacuum tubes; they also 
subject the other components and circuitry to less heat, so 
the entire unit is likely to need fewer repairs. Solid state 
circuitry has been an important feature in the radio industry for 
a long time — much longer than with its sister TV industry 
where Its introduction and application has come only recently 

your radio is clearly labeled 
100^ solid state." Those marked 90%, 80% (or any 
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fraction) solid state still contain some tubes, and although the 
unit is predominantly transistorized, your chances of break¬ 
downs are still higher than with an all-transistor unit. 

Another feature which is absolutely essential on FM radios 
is Automatic Frequency Control (AFC), which automatically 
locks in the station transmission and prevents drifting to 
another station. Although radio receivers pick up FM signals 
with less distortion than AM signals, the feature remains an 
absolute must, and should not be ignored. 

On the other hand, CONSUMER GUIDE Magazine urges you 
to check the Interference Rejection capability of whatever 
radio you purchase. Overmodulation, among other factors, can 
cause serious sound distortions and could send you to a repair 
shop when in fact there is nothing that can be done. Test 

every unit before purchasing it. /A\/r>\ 

Similar to AFC is Automatic Volume Control (AVL), a 
feature which is almost standard on better-quality radios 
today, attesting to its importance. AVC allows the unit to 
compensate automatically for volume differences from one 


Station to another. 

On multiband radios, CONSUMER GUIDE Magazine is 
adamant about squelch control, which allows for noise-free 
reception on the shortwave bands. If you are going to invest 
heavily in a Public Access or weather-band radio, be sure the 
unit has a squelch control. 

There are many, many other factors to look for when buying 
a radio. The durability of the plastic on the cabinet and 
especially on the tuning controls, for instance, is very 
important. In the near future, if the plastics shortage worsens, 
and manufacturers are forced to turn to other synthetics, we 
urge you to take especially careful notice of the strength of 
the materials employed. As far as tuning controls go, 
CONSUMER GUIDE Magazine prefers the frontal slide rule 
controls over the vertical variety, since usually they are easier 
to manipulate and seem to resist wear longer. 

Other considerations to keep in mind for long life are the 
sturdiness of the antenna, the EIA (Electronic Industries 
Association) power ratings on larger models, and the in¬ 
clusion of an indicator light to illuminate the selection 
controls and jacks to add on accessories. Design and styling 
are matters of personal taste but make sure the radio sits 
firmly on a flat surface without rattling about, and that the size 
and weight of ''portables” justify the designation. 
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PROBLEMS, CAUSES, REPAIRS 

CONSUMER GUIDE Magazine is not going to recommendjhat 
you start tinkering with the circuitry of your radio. It is a tricky 
business and should be left to qualified technicians. For that 
reason, especially, be sure to read the warranty on whatever 
unit you purchase. Warranties vary widely from manufacturer 
to manufacturer, and from model to model, and it pays to do 
some competitive shopping. Incidentally, some of the largest 
manufacturers in the United States are not living up to their 
warranty promises with service technicians at this time, and 
many servicers are now refusing to service their products. It 
would be a good idea to check with your local shop before 
making a big purchase, especially since this is an area where 
you must depend upon professionals. 

There are, however, a number of simple things you can do 
to extend the lifetime of your radio. 

For one, keep the unit free from dust. Minute as they are, 
dust particles can do more damage than you could imagine 
when they sift into the inner workings. Similarly, it would be 
wise to keep your kitchen radio (and studies have found that 
rnore and more of every kind of radio find their way into the 
kitchen) away from the sink — water and electricity obviously 
make a lethal combination, but, even more, water and the 
grease from food can corrode the connecting cord and other 
components of the radio. Also keep the radio away from 
excessive heat, which can crack and even melt those "heavy- 
duty” plastics. 

Lastly, and in all seriousness, be careful of sand. One of the 
favorite ways to enjoy a portable radio is at the beach — the 
perfect setting for sand corrosion. 


222 


CONSUMER GUIDE 


Television 



Television 


A TV SET — particularly a color TV set — is the 
most complex consumer product you can buy. It is 
even more technologically sophisticated than your 
car. Nevertheless, you can understand how it works, 
at least in general terms, and you can fix some of the things 
that may go wrong with it. More important, you can and must 
learn to operate it correctly for maximum enjoyment and 
longer life. 

To understand how a TV set works, let's start with what you 
see — the picture tube face — and work backward (first black- 
and-white; we will add color later). The TV screen on which 
the picture appears is the closed-off end of a big glass 
"funnel." On the inside face of the screen there is a coating 
of phosphorescent material that glows when struck by elec¬ 
trons. A gun which shoots electrons is located at the back of 
the picture tube, forming the neck of the "funnel." The TV 
picture is "painted" by this electron gun in a series of thin, 
tightly spaced, horizontal lines. The beam of electrons shot 
from the gun sweeps across the screen from one side to the 
other, starting at the top and working its way down. It moves 
so fast that your eye cannot follow it and the lines it makes 
are so close together that they appear to merge, unless you 
are sitting very close to the set. 

As the electron beam sweeps across the screen it is 
switched on and off at the appropriate instants to create light 
and dark areas in the appropriate places. The result is a black- 
and-white picture. Shades of grey are produced by varying the 
strength of the electron beam when it is on. 
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Figure 1: Blaok-and-White TV Block Diagram 
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TV Information 

HOW DOES the TV set "know" when to switch the electron 
beam on and when to switch it off? To answer that, we m^t 
jump all the way back to the beginning of the story, to the W 
camera in the studio. Think of the camera as a picture tube m 
reverse. Light enters the camera from the scene being 
televised and thousands of photocells sense the amount of 
light in each tiny area of the scene. The camera scans its 
photocells in the same sequence and at the same rate as the 
electron beam in the TV set scans the screen. The camera 
sends the information from its photocells to the transmitter, 
which sends it through space to your TV antenna. Electronic 
circuits in your set process the signal and make the electron 
beam sweep across the screen, turning on and off in the right 
places to duplicate the scene in front of the TV camera. 

We will take a closer look at the circuits in your TV set that 
perform these functions later, but first we want to see how a 
color set differs from black-and-white. On the screen of a 
color picture tube, tiny red, green and blue dots are arranged 
in triangular groupings with one dot of each color in each 
group. There are also three electron guns, one for each color. 
The beams from the three guns sweep the screen in the sanne 
way as does the single gun in a black-and-white set. Red, 
green and blue are the primary colors, so when all three guns 
fire at a group of dots with equal intensity, the result is white 
light. When only one gun is on, you see red only, or green 
only, or blue only, depending on the gun. When two or more 
guns are on, firing at different intensities, the result is a 
blending of the primary colors to produce all the shades of the 
rainbow. 

In the studio or out of doors, the color camera works 
similarly, with three arrays of photocells, each filtered to pick 
up one of three primary colors from the scene being televised. 


TV Circuitry 

THE ELECTRONIC circuits in a black-and-white set are 
diagrammed in Figure 1. The signal from the antenna travels 
down the lead-in wire and into your set. Once inside, it goes 
first to the tuner. The tuner selects out the signal from the 
station you want to watch; you control the tuner with the 
channel selector. The signal is then made stronger by the IF 
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Figure 2: Color TV Block Diagram 
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amplifier and passed on to the video detector and amplifier, 
where the video (picture) information is separated from the 
audio (sound) signal. The sound signal is fed to the sound 
section where it is further amplified and passed on to the 
speaker, which converts the electrical signal into sound you 
can hear. 

After being separated from the sound signal, the video 
signal travels to the sync (short for synchronization) section 
which separates out part of the signal called sync pulses. 
These pulses keep the electron beam in your picture tube in 
step with the camera, so that both the camera and picture 
tube electron beams start at the top of the picture at the same 
time, over and over again, many times a second. 

■ The deflection section is next. It actually controls the 
movement of the electron beam, sweeping it from left to 
right, returning it to the left in a split second and sweeping it 
across again. At the same time, it is moving it from top to 
bottom, so that the horizontal sweeps occur one under the 
other. 

Lastly, the high voltage section controls the intensity of the 
electron beam. The low voltage section (lower left) merely 
supplies the energy needed by each section to perform the 

various functions. . . , , 

The circuits in a color set are similar to those in black-and- 

white, with a few additions (shown in Figure 2). At the video 
detector, color information is separated from the signal and 
fed to the chrominance and color sync sections. These 
sections produce three separate signals from the information 
sent to them, one for each of the primary colors. The signal 
for each color is applied to the appropriate gun. You will also 
notice a section marked “convergence." The convergence 
section makes sure the pictures painted by the red, green and 
blue electron guns are precisely superimposed on top of each 
other in the picture you see. When convergence gets out of 
whack, red, green or blue outlines appear around figures and 
objects on the screen because one gun is not “aimed" the 
same way as the others. Repairing this is a job for a 
professional. 

Shopping for a TV Set 

IT IS DIFFICULT to judge the quality of a TV set in a store. 
Salesmen adjust the sets they are most anxious to sell — the 

227 


CONSUMER GUIDE 


I 


Television 

slowest sellers or the ones with the best commission or 
biggest profit margin — to produce the best pictures, and 
often intentionally misadjust others that actually may be 
better. The first step, therefore, before you begin to compare 
any two sets in a store, is to tune the sets YOURSELF. At the 
same time, you will be discovering how easy or hard each 
model is to operate. (The section on using and caring for your 
set will teach how best to tune a set.) 

Even with the sets in the store operating at their best, you 
still may not feel confident in your ability to pick the best unit 
while standing in the middle of a store with a salesman 
breathing down your neck. Also, there is no way to judge 
reliability by simply looking at the picture. So, here are some 
things to ask for, if you want the very best: 

1. Negative guardband black matrix picture tube. Plain 
matrix is good, negative guardband matrix is better. Non¬ 
matrix is acceptable only in very-small-screen sets. Do not 
take the salesman's word on this — he probably does not 
even know the terminology. Ask to see a catalog or spec 
sheet. Black matrix means the color dots are surrounded by 
black material that enhances contrast and brightness. Nega¬ 
tive guardband means the dots are fully illuminated because 
the electron beam is larger than the dots. 

2. Completely solid state chassis. This means there are no 
tubes in the set except the picture tube. Tubes, like 
lightbulbs, generate a lot of heat, and they burn out like 
lightbulbs. Sets which are 100% solid state need fewer 
repairs, because they have transistors instead of tubes, and 
require less electricity than sets with tubes. 

3. Modular construction. Modular sets have plug-in circuit 
boards that are easier to fix or replace. Most solid state sets 
are modular. 

4. Automatic frequency control (AFC). This feature makes 
fine tuning easier. A set with AFC need not be fine-tuned 
exactly. As long as the set is tuned fairly close to the correct 
frequency, AFC will pull in the station. AFC affects only fine 
tuning (the ring around the channel selector on most sets) and 
not color, tint, contrast or brightness. Many color sets have 
"magic" pushbuttons for these functions, or claim to be 
"self-adjusting," but you would be wise to be very skeptical 
of these claims. The "magic" buttons simply switch control 
of color, tint, brightness and contrast from the front-of-set 
knobs to identical knobs on the back, in most cases. 
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Care, Installation and Use 

A TV REQUIRES almost no routine maintenance. There is 
nothing to oil, no filters to clog, no loose nuts and bolts to 
tighten. Just clean the screen with window cleaner and avoid 
these pitfalls: 

1. Do not cover air holes in the cabinet that allow air to 
circulate for cooling. 

2. Use a program guide instead of indulging in unnecessary 
channel changing. Tuners wear out from over-use. 

3. Protect portables from falls by using a sturdy table or 
stand. Any set can be damaged by physical shock. 

When your set is installed, pay serious attention to the 
antenna. A cheap antenna might save you $10, $20 or even 
$50, but if it is inadequate for your area vou will be 
shortchanging yourself. Learn to tune your set correctly. 

If your set is a color set, start by turning the color all the way 
down. Now tune it just like a black-and-white set. Turn AFC 
off (if the set has it) and fine-tune the station. When you have 
the fine tuner at about the right setting, you will notice that 
turning it one way garbles the sound and picture. Turning it 
the other way gives clear sound, but as you turn farther, the 
picture gets "wormy" looking, with lots of wavy lines in it. 
Adjust for the wormy picture, then turn back the other way 
just enough to make the worms disappear. Re-activate AFC, 

Next, adjust hold controls, if necessary. Vertical hold stops 
rolling. Horizontal hold straightens up the picture if it is 
broken into diagonal or slanted bars. If either hold control was 
severely misadjusted, you may have found it impossible to 
fine tune accurately. Go back and do it again. 

Now you can adjust brightness and contrast to achieve a 
pleasing, fully-detailed picture. Avoid excess brightness — it 
makes the picture fuzzy. Contrast controls the blackness of 
blacks and the whiteness of whites. Start with a very washed- 
out, gray looking picture and add contrast until details begin 
to disappear in the shadows. 

That is all you do with a black-and-white set. In tuning a 
color set, your next step is to turn up the color control slowly 
until you see colors appearing on the screen. Stop and adjust 
tint for a natural flesh tone. Turning tint one way will add too 
much green, the other way too much red. Now bring up the 
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A. Camera lens collects light rays. B. Reflecting Mirrors C. Separ¬ 
ating Mirrors D. Lens System E. Three image orthicon tubes are 
pocused on the face of each tube and convert the rays into electronic 
signals for each color. F. Color tubes three electron guns, each 
shooting a scanning beam, each projecting a color to its corresponding 
phosphor so picture appears in full color. G. Color Set H. Reflect¬ 
ing Mirror I. Camera Tubes J. The encorder bolsters the color 
signals and the adder is for forming black and white picture signal to 
send the broadcast to both types of sets. K. Transmitter relays com¬ 
bined signals. L. Home antenna picks up broadcast and wire connects 
to the receiving set. M. Black and White Set N. Electron Guns 
0. Scanning Beams P. Color Picture Tube Q. Screen 

color control some more, but without overdoing it. Touch up 
tint again as needed. 

Fixing Your TV Set 

AS AN AMATEUR, you would be foolish to work on the 
innards of a TV set when it is turned on. Voltages in a TV set 
run as high as 31,000 volts. That could kill you. This puts 
many repairs out of your reach, but not all. 

You can correct some malfunctions without taking the back 
off your set. Others you can fix by working inside the set, with 
it unplugged — but be careful; some parts of the set store 
electricity and can shock you even when the set is unplugged. 
All sets are fitted with safety interlock power cords that 
automatically disconnect the power when the back is removed 
because of the hazards of working on a live set. Do not 
attempt to defeat this protective feature. 

How can you minimize the risk of shock from stored 
electricity when working inside the set? Two parts of the set 
store electricity — the shell of the picture tube and the filter 
capacitors. When changing tubes or cleaning the tuner (the 
only two types of repair you can perform inside the set) you 
will not have to touch either the shell or the capacitors, but to 
be on the safe side, you can discharge the electricity from the 
picture tube shell (the filter capacitors are usually out of 
harm’s way). To discharge the picture tube shell, use a piece 
of insulated wire with an alligator clip on one end. Attach the 
alligator clip to any bare metal area of the chassis and touch 
the other end of the wire to the anode button on the picture 
tube shell. The anode button is the point where a wire is 
connected to the outside of the picture tube funnel. Be careful 
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to hold the wire by the insulation with your right hand. A spark 
will jump to the wire, indicating the electricity has been bled 
off. 

After making the set safe to work in, you can use the chart 
at the end of this chapter to attempt a repair. On solid state 
sets, there is little you can do inside the cabinet because 
there are no tubes to replace. However, you can still clean the 
tuner, if that is indicated by the .trouble-shooting chart for the 
symptoms your set is displaying. 

In tube-type sets, you will find a tube location guide pasted 
somewhere on the back or inside the cabinet. This is a map of 
your set, with tubes labeled by the function they perform. If 
the trouble-shooting chart indicates you should suspect the 
horizontal output tube, for example, use the tube location 
guide to find it. Once you have found it, you can take it to a 
store with a tube tester (some drugstores and most radio 
repair shops have one for customers' use) to check it out. If it 
fails, replace it. If it proves good, and no other tubes are 
suspected, your problem is more complicated than you 
thought. 

The tube may be bad even if the tester says it is good, 
because the tester does not measure all of the tube's 
functions. You could buy a new tube and try it in your set. 
That might solve the problem and it might not. If it does not, 
you can console yourself with the knowledge that the old tube 
probably would have blown eventually, and may well have 
been weak. If you want to avoid buying a tube that you don't 
need, and you have tested all the tubes that the chart tells you 
to suspect and found them all good, then you have no choice 
but to call a professional. The malfunction may not be caused 
by a tube at all. Do not adjust any controls that are not 
accessible from outside the set — it is doubtful that you 
would improve anything and you could conceivably cause your 
set to emit harmful x-rays. 

The following controls, which are accessible from outside 
the set (even if they are hidden on the back and are referred to 
as service controls), can be adjusted by the knowledgeable 
layman. Your set may not have all of these controls but it | 
probably has some: 

• Focus — If the picture is fuzzy, try the focus control, i 
Adjust it so that the horizontal scanning lines that make up 
the picture (you can see them if you look very closely) are as 
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thin and sharp as possible. 

• Vertical Height and Vertical Linearity — Use these two 
controls if the picture shrinks down from the top and/or up 
from the bottom. Vertical linearity is probably the culprit if the 
picture shrinks down from the top only. If it shrinks away from 
top and bottom, vertical height will have to be adjusted and 
vertical linearity may be involved also. 

• Red, Blue and Green Screens — These three controls 
balance the three colors that make up a color TV picture. They 
affect mostly the background, or low brightness, colors in 
your picture. The drive controls, which we will talk about 
next, affect the balance of brighter areas. Readjust screen and 
drive controls when the whole picture develops an off-color 
cast. The condition will be particularly noticeable between 
stations or on black-and-white programs. The red, blue or 
green cast will even be noticeable with the color control 
turned all the way down, if screens and drives are seriously 
out of whack. To adjust screen controls, follow this procedure 
exactly: 

1. Turn contrast all the way down and set brightness for a 
slightly dim picture. 

2. Turn color down and tune to an unused channel. 

3. Turn all 3 screen controls all the way down. 

4. Turn up red screen slowly, stopping as soon as the 
screen begins to turn slightly reddish. 

5. Turn up green screen until the screen turns lemon 
yellow. 

6. Turn up blue screen until the screen looks white or 
gray. You may have to touch up the other controls to 
get a perfectly neutral-color screen. Don't get dis¬ 
couraged if you end up starting over a few times. 
Judging color nuances is tricky. 

• Red, Green and Blue Drives — Adjust these after setting 
up the screens, to balance color in brighter areas. Follow this 
procedure exactly; 

1. Turn contrast and brightness up to normal. 

2. Turn color all the way down and tune in a program. 

3. Turn all three drive controls down. 

4. Slowly turn up red drive, stopping as soon as you 
notice the slightest pink cast in bright areas of the 
picture. 
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5. Turn up the green drive until the bright areas begin to 
turn orange. 

6. Turn up the blue drive until bright areas change to blue- 
green. 

7. Inch up blue and green drives — alternating between 
them — until highlights turn white. The picture now 
should be a colorless black-and-white picture. If screens 
and drives are set correctly, you should see no color 
tinges in the picture as you rotate the brightness 
control up and down. When you turn the color control 
up again, you will have a balanced picture. 

PROBLEMS, CAUSES, REPAIRS 

THE FOLLOWING table lists only those possible 
causes for a malfunction that can be dealt with by the 
non-professional. For any given problem, there also 
may be other causes than those listed. Many sets will 
not have some of the tubes which are listed below, 
because, increasingly, tubes are being replaced in new 
TV designs by solid state devices. Solid state devices 
are more reliable than tubes, but they are also difficult 
for the non-professional to test and replace. 

Problems, causes and repairs (or actions to take) 
apply to both color and black-and-white sets, except, 
obviously, those sections dealing only with color 
malfunctions. 

Problem: IMo picture, no sound, no light on screen, 
tubes not lighted 

Possible cause Repair i 

1. Wall socket dead 1. Test with lamp. | 

2. Line cord bad 2. Remove set back and j 

test with test light. I 

3. Circuit breaker open 3. Press button to reset. 

Problem: Screen dark, no sound tubes lighted 

Possible cause Repair 

Rectifier tube Remove & test; replace if 

bad. 


I 
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Problem: Screen dark, sound okay 


Possible cause 
These tubes: 

High voltage rectifier; 
High voltage regulator; 
Video output; Horizontal 
output; Damper; Horizon¬ 
tal oscillator 

Problem: Light on screen. 

Possible cause 
These tubes: 

Video detector; IF; Mixer- 
oscillator; RF amplifier; 
Sound output 

Problem: Light on screen. 

Possible cause 
These tubes: 

Video amplifier; Video de¬ 
tector; Video output 

Problem: No sound, 
noise 

Possible cause 
Audio output tube 


Repair 

Remove each and test; re¬ 
place where bad. 


no picture, no sound 
Repair 

Remove each and test; re¬ 
place where bad. 

no picture, sound okay 
Repair 

Remove each and test; re¬ 
place where bad. 


Repair 

Remove and test; replace 
where bad. 


picture okay, no background 


Problem: No sound; picture okay; background noise 
audible; or picture okay, sound poor 


Possible cause 
These tubes: 

Audio output; Audio IF; 
Audio detector; Audio am¬ 
plifier 


Repair 

Remove each and test; re¬ 
place where bad. 


CONSUMER GUIDE 


235 


Television 


Problem: Picture interference that moves with 
sound 


Possible cause Repair 

These tubes: 

Audio output; Vertical out- Remove each and test; re¬ 
put; Horizontal output; place where bad. 
Mixer-oscillator; IPs 

Problem: Picture shrinks in from sides 


Possible cause 
These tubes: 

Horizontal output; Hori¬ 
zontal oscillator; Damper 

Problem: Picture shrinks 
bottom 

Possible cause 
These tubes; 

Rectifier; Damper; Hori¬ 
zontal output 

Problem: Picture shrinks 


Repair 

Remove each and test; re¬ 
place where bad. 

in from sides, top, and 
Repair 

Remove each and test; re¬ 
place where bad. 

in from top and/or bottom 


Possible cause Repair 

Misadjusted vertical Readjust as explained in 

height and/or vertical section on accessible con- 

linearity controls trols. 


Problem: Blooming — picture shrinks and grows as 
brightness is turned down and up 


Possible cause 
In black-and-white sets: 
High voltage rectifier tube. 
In color sets, these tubes: 
High voltage rectifier; Hor¬ 
izontal output; Damper; 
High voltage regulator; Fo¬ 
cus rectifier 
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Repair 

Remove each and test; re¬ 
place where bad. 
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Problem; Picture bent to side 

Possible cause Repair 

These tubes: 

Horizontal output; Hori- Remove each and test; re- 
zontal oscillator; Horizon- place where bad. 
tal phase detector; Sync 
separator; Noise cancel¬ 
ler; any other sync tubes 


Problem; Picture out of focus 


Possible cause 

1. Focus misadjusted 

2. These tubes: Focus 
rectifier; High voltage rec¬ 
tifier; High voltage regula¬ 
tor; Horizontal output 


Repair 

1. Adjust focus 

2. Remove each and test; 
replace where bad. 


Problem: Single white horizontal line on screen (no 
picture) 


Possible cause 

Vertical oscillator-output 

tube 

Problem: Picture rolls 

Possible cause 

1. Vertical hold 

2. Any sync tube; vertical 
oscillator-output tube 

Problem: Picture broken i 
with bars in between 

Possible cause 

1. Horizontal hold 

2. Sync separator; Noise 
inverter; Vertical oscilla¬ 
tor; Horizontal phase de¬ 
tector 


Repair 

Remove and test; replace 
where bad. 


Repair 

1. Adjust control 

2. Remove each and test; 
replace where bad. 

into many slanting sections 


Repair 

1. Adjust control 

2. Remove and test; re¬ 
place where bad. 


CONSUMER GUIDE 


237 


Television 


Problem: Screen full of horizontal lines 

Possible cause Repair 

Horizontal oscillator tube; Remove and test; replace 

Horizontal phase detector where bad. 

tube 

Problem: Washed out picture (weak contrast) 

Possible cause Repair 

1. Contrast control 1. Adjust 


2. Video output tube; 
sound output tube 

Problem: Ghosts that are 
by fine tuning 

Possible cause 

1. Signal reflected by 
building or hill 

2. Signal being picked up 
by lead-in wire 

Problem: Ghosts that are 
fine tuning 

Possible cause 
These tubes: 

Any in tuner; IPs; Video 
detector; Video output; 
Video amplifier 

Problem: Snow 

Possible cause 

1. Weak signal 

2. Dirty tuner 


2. Remove and test; re¬ 
place where bad. 

not dramatically affected 
Repair 

1 . Re-aim antenna, or re¬ 
place antenna with more 
directional type. 

2. Replace with shielded 
(coaxial) lead-in. 

dramatically affected by 
Repair 

Remove each and test; re¬ 
place where necessary. 


Repair 

1. Check antenna and 
lead-in wire. 

2. Spray contacts with 
tuner lubricant and rotate 
channel selector. 
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Problem: Good black-and-white picture with ran¬ 
dom coloration 

Possible cause 
These tubes: 

Reactance; Burst ampli¬ 
fier; Burst keyer; 3.58 me 
oscillator 

Problem: Good black-and-white picture but no color 


Repair 

Remove each and test; re¬ 
place where bad. 


Possible cause 

1. Color control 

2. These tubes: Bandpass 
amplifier; 3.58 me oscil¬ 
lator; Burst amplifier; 
Burst keyer 


Repair 

1. Adjust 

2. Remove each and test; 
replace where bad. 


Problem: Color cast in black-and-white picture 


Possible cause Repair 

Color imbalance Adjust screens and drives 

as explained earlier. 


Problem: Colors very weak 


Possible cause 

1. Color control 

2. These tubes: 
Mixer-oscillator; Bandpass 
amplifier; RF amplifier; 
Video amplifier 


Repair 

1. Adjust 

2. Remove and test; re 
place where bad. 


Problem: Color snow in black-and-white pictures 


Possible cause Repair 

Color killer tube; Bandpass Remove and test; replace 

amplifier tube where bad. 
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M ost people are more familiar with how still cam¬ 
eras work than they are with how movie cameras 
work. To understand the movie camera more easily, 
it might be helpful to take a refresher course in the 
operation of a still camera and then add to it the distinctions 
brought into play for motion pictures. 

In order to make a still camera function, you need to do two 
basic things: bring unexposed film into position behind the 
lens, and expose that film to light. In nearly all cameras, the 
film is moved by turning a knob or a lever. Then a button is 
pressed, causing the shutter to open for a fraction of a 
second, admitting light to the film, and then to close again; 
the exposure is now complete. For the next picture, you 
advance the film once more and repeat the process. 

These same operations take place in a movie camera, only 
much more quickly. Movies are actually a succession of still 
photographs made at the rate of 1 8 or 24 per second (the 
number varies according to the purpose of the movie — more 
about that later). i 

Film Transport I 

INSIDE THE MOVIE camera, the film is brought into position 
by a mechanism called the film transport. Once the film is 
correctly registered behind the lens, it stops moving for a 
moment while the shutter opens, exposing the film to the 
light. 

Although the shutters of still cameras often are mechanical¬ 
ly complex devices, fitted with various kinds of springs, 
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Unexposed Film 


Shutter, 
Claw Bar 



Film Spool 


Spool Take-up By Spring Motor 


leaves or curtains, the shutters in most movie cameras are 
much simpler. Of a type known as the rotary shutter, they 
consist of a flat semicircle of some opaque material — usually 
metal — that spins in front of the film. As it rotates, the metal 
semicircle moves around in front of the film, blocking it from 
light; the semicircle continues to rotate until it has turned 
clear of the film, which is now exposed to light. 

The film transport is geared to work in synchronization with 
the rotary shutter. When the shutter blocks light from the film, 
the transport moves the film just enough so there will be room 
for one exposure or "frame" to be made upon it; just before 
the shutter rotates aside to admit light to the film, the 
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transport stops moving the film; this intermittent movement is 
created by a device called the daw. Although the exact 
design of the claw may vary somewhat from one camera to 
another, generally it can be thought of as a fork-like piece of 
metal whose tines grasp the film by the holes or perforations 
that were punched into it when it was manufactured. The claw 
travels up-and-down over and over again in a little channel, in 
what is called an eccentric movement; this means that, 
instead of traveling up-and-down in a perfectly vertical plane, 
it moves on a slight diagonal so that it is close to the film 
while it moves down, but retracted from the film when it 
moves back up. It is on the downstroke that it grasps and 
transports the film; at the bottom of its channel it retracts, 
letting the film sit still, while it returns to the top of its 
channel where it will once again protrude and grasp the next 
frame of film. It is while the claw is returning to the top of its 
channel that the shutter has rotated to its "open” position, 
exposing the film to light. 

In all modern amateur movie cameras — super 8 and Single- 
8 — the claw is all there is to the film transport. Other kinds 
of movie cameras — notably the professional 16mm and 
35mm machines, and many of the older "regular" 8mm 
cameras — have an additional component in the transport 
mechanism, the sprocket wheel, that helps move the film 
toward the claw. As its name implies, this is a wheel with 
sprockets, or teeth, that engage the film perforations; it is 
present on most movie cameras that use film loaded on reels, 
but not on cartridge-loading cameras such as super 8 and 
Single-8. 

In cartridge-loading cameras, the film is packaged in a 
plastic cartridge that can be inserted and removed from the 
camera instantaneously. In super 8 cameras the film feeds 
from one side of the cartridge to the other, the side-by-side 
arrangement being known as a coaxial layout; in Single-8 
cameras the film runs from a chamber at the top of the 
cartridge to an identical chamber at the bottom of the 
cartridge. In both cases, a take-up spindle built into the 
camera rotates a shaft inside the cartridge that causes the film 
to wind-up smoothly in the take-up side of the cartridge. 
However, the actual movement of the film past the lens is 
caused exclusively by the claw, as described earlier. 
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TYPES OF MOVIE-CAMERA SHUTTERS 



Standard Shutter — Opening is 160‘ for 
exposure time of 1 / 40 of a second 
at 18 F. P. S. 


XL Shutter—opening is 230' —Larger 
opening takes 1 /28 of a second to 
move past film. 


VARIABLE SHUTTER 



Fully open. 


Half closed — Second blade brought 
partially out, reducing exposure time by 
50 percent. 



Fully closed — Blades overlap — No 
light reaches film. 
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Shutter Speed 

STILL PHOTOGRAPHERS often refer to shutter speed, 
meaning the length of time the shutter stays open to expose 
the film to light; it is expressed in fractions of seconds, such 
as 1/60 sec., 1 / 1 25th sec., 1 /250th sec., and so on. In 
the normal course of events, movie cameras do not have 
variable shutter speeds; where a still photographer selects his 
shutter speed by setting a dial, most movie makers usually' 
work at the same shutter speed at all times. However,; 
different kinds of movie cameras have shutter speeds of 
different durations — for example, regular movie cameras 
have a shutter speed of about 1 /40th sec., while the XL or^ 
low-light cameras have a shutter speed of 1 /28 sec. In a still j 

244 CONSUMER GUIDBj 




Movie Cameras 



Channel 

Claw 


THE CLAW 


Claw Protrudes _ grasps film. 


Claw Pulls Film down 1 frame. 



Claw retracts. 


Claw returns to top of channel. 


camera, the shutter speed is altered by changing the tension 
of the springs that drive the shutter; since there are no such 
springs in movie-camera shutters, how can different shutter 
speeds be arrived at? 

It all has to do with the size of the semicircular disc that 
forms the movie-camera shutter. If the disc encompasses a 
large semicircle, it will take a comparatively long time before 
its rotation in front of the film is completed, meaning that the 
film will be blocked from light for a longer time and exposed 
to light for a shorter time. If the disc encompasses a smaller 
semicircle, the length of time it covers the film will be 
shorter, and the film will be exposed to light for a longer time. 
To be more specific, a regular movie camera's disc encom¬ 
passes a 200° segment, leaving a 1 60° cut-out to admit light 
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to the film. An XL camera has a shutter whose disc 
encompasses 130°, leaving a 230° cut-out for exposure. 

However, some cameras, usually the more expensive ones, 
have what is called a variable shutter, one that permits the 
shutter speed to be changed at will. Physically, it consists of 
a second disc, identical in shape and size to the first, that 
rides along directly behind the main shutter disc. This second 
disc can be moved in relation to the first, so that the 
combination of the two discs forms a larger segment and, 
conversely, a smaller shutter opening. For example, the 
second disc can be moved partly out from behind the first, 
leaving an opening of 80° instead of the original 160°; since 
the 80° opening is only half the size of the 1 60° opening, it 
takes half the time for the smaller opening to move past the 
film — the shutter speed is doubled, meaning that exposure 
time is halved. If the second 200° disc were moved all the 
way out, the two discs would overlap; no light would reach 
the film at all because the 360° arc of a circle would now be 
completely covered by the two segments. 

Of course, the shutter and the film transport are not the only 
components in a movie camera. There must be a motor to 
make them all run. In modern cameras it is an electric motor, 
although in older cameras a spring-driven clockwork motor 
was used. There also must be something to form the image 
on the film. This is where the lens comes in. 

The Lens 

THE PURPOSE of the lens is to gather the random light waves 
that reflect from various objects, and to organize them into a 
coherent image on the film. Lenses come in three basic types: 
telephoto, normal, and v/ide-angle. The type is determined by 
the focal length, which is the distance between the film and 
the focal point inside the lens. 

In all lenses, the image enters rightside-up, but it goes out 
the back of the lens (and to the film) upside-down. Obviously, 
then, there is a place in the lens where the light waves 
reverse; this is the focal point. If the focal point is a relatively 
long distance from the film, the lens will be telephoto; if it is 
closer distance to the film, the lens will be normal; if it is 
closer still, the lens will be wide-angle. In super 8 and Single- 
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TYPES OF LENSES 



Telephoto lens _ long focal length ^ 

magnifies image. 



Wide-angle lens_short focal length 
reduces image size. 


8 cameras, a normal lens is one whose focal point is 15mm 
from the film — it is described as having a 15mm focal 
length. Any lens whose focal point is further than 1 5mm will 
be telephoto, and any lens whose focal point is less than 
15mm will be wide-angle. Thus, a 30mm lens has a 2x 
magnification, a 60mm lens has a 4x magnification, and so 
on; conversely, a 7mm lens will have half the magnification of 
a 15mm normal lens. It is the degree of magnification that 
causes a lens to render an image in a given way; a 30mm lens 
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doubles the size of an object and, because it is larger, it 
appears to be closer. A wide-angle lens reduces the size of an 
object, and makes it look further away. Because of the nature 
of optical physics, it is more difficult to engineer wide-angle 
lenses than telephoto lenses. For this reason you can find 
telephoto lenses with a much greater magnification factor 
than you can find wide-angle lenses with a reduction factor. j 
Most modern movie cameras are fitted with so-called 
"zoom” lenses, more precisely known as variable focal 
length lenses. They are designed so that the focal point can 
be moved toward and away from the film, running the range 
from wide-angle through normal to telephoto focal lengths. 
Different zooms can be adjusted for varying focal-length 
ranges; some may go from 9 to 36mm, while others go from 
6 to 66mm, and still others cover additional focal-length 
ranges. The strength of a zoom lens is described in terms of 
its zoom ratio, which is the relationship between its extreme 
wide-angle setting and its extreme telephoto setting. For 
example, a 9-36mm lens has a four to one (written 4:1) ratio 
because 9 goes into 36 4 times. A 6-66mm lens has an 1 1; 1 ' 
ratio because 6 goes into 66 1 1 times. However, zoom ratio , 
is only a partly accurate way to describe a lens because a 10- 
80mm lens has an 8:1 ratio, but so does an 8-64mm lens. 
They both have the same ratio, but the second lens has a ' 
great deal more wide-angle capability (8mm vs. 10mm) while 
the first lens has a more powerful telephoto (80mm vs. 
64mm). So in order to understand the capabilities of a 
particular lens, you are really better off by learning its actual 
focal-length range, rather than its ratio alone. 

i 

Aperture 

ALL FILMS are designed in such a way that a given quantity of 
light should strike them for correct exposure — neither too ’ 
much light nor too little. However, the strength of light varies 
considerably under different conditions when you are making ' 
movies — the light on a sunny day is much stronger than the 
light on a cloudy day. In order to ensure that the proper 
amount of light reaches the film, all lenses are fitted with a 
device called the aperture. This is an opening whose size is 
variable; for weak light the opening is large, for strong light ; 
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the opening is smaller. By being made larger or smaller, the 
aperture regulates the amount of light reaching the film and, 
when correctly set, keeps the film constantly exposed to the 
amount of light that results in correct exposure. If the aperture 
is incorrectly set to an opening that is too large, the film will 
be overexposed — the image will turn out pale and washed- 
out on the film; if the aperture is incorrectly set to an opening 
that is too small, the film will be underexposed — the image 
will turn out dark and murky. 

The size of the aperture is described in f/ stops, such as 
f/ 1.9, f/2.8, f/4, f/5.6, f/ 11, and so on. The smaller the f 
number is, the larger the size of the aperture is; for example, 
f/ 1.9 is a much larger opening than f/ 1 1. Thus, you will use 
f/ 1.9 when the light is extremely dim, and f/ 1 1 when it is 
bright. In all but the cheapest movie cameras, the aperture is 
adjusted automatically by an automatic exposure system, or 
electric eye. This is a device whose light-sensitive sensor 
"reads" the strength of the light, and causes the size of the 
aperture to adjust accordingly. In the majority of modern 
movie cameras, this sensor is located somewhere inside the 
lens so that it reads the amount of light actually entering the 
lens; electric eyes of this type are called reflex, behind-the- 
lens (btl), or through-the-lens (ttl) electric eyes. A few 
cameras, particularly the cheaper ones, have electric eyes that 
make their readings through a separate wirxlow. They do a 
good job, but the reflex electric eye is more accurate under a 
wider variety of conditions. 

Viewfinder 

THE FINAL component common to all movie cameras is the 
viewfinder — the eyepiece you look through to aim the 
camera, and to see what you will get on film. The simplest 
type of viewfinder is called the optical type; it has its own 
viewing window at the front of the camera, and it is found 
only on the cheapest movie cameras. The remainder of the 
cameras have reflex viewfinders (also called btl and ttl 
viewfinders) which do their viewing through the lens of the 
camera. They are able to see through the lens because the 
lens contains a small component — sometimes a prism, 
sometimes a tiny mirror — that reflects a small portion of the 
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light that enters the lens to the viewfinder eyepiece. Reflex 
viewfinders are more accurate than optical viewfinders be¬ 
cause they show exactly the field being "seen" by the lens 
(optical viewfinders, because they see through separate 
windows located away from the lens, will take in a slightly 
different field, especially at close shooting distances). Also, 
with many reflex viewfinders (but not all) it is possible to see 
whether the lens is correctly focused for a given subject. 
Whether or not a particular camera's reflex viewfinder does 
this depends upon the viewfinder's construction; you can 
learn this about particular cameras by reading test reports, or 
by giving them a try in the camera store. 

There are many other aspects and features that are popular 
in modern movie cameras: however, there are so many 
different kinds on so many different cameras that it would 
take a complete volume to describe them all. The material 
here deals with the fundamentals — the features common to 
all movie cameras. No movie camera could operate without a 
shutter, a film transport, a motor, a lens, an aperture, and a 
viewfinder. These are the essentials; additional features may 
extend the creative and artistic capabilities of a camera, and 
certainly will widen your enjoyment of movie making. But with 
the information you have read here, you now should have a 
basic understanding of how all movie cameras work, and why. 

PROBLEMS, CAUSES, REPAIRS 

THERE IS one cardinal rule about repairing a movie camera: 
don't. 

Although simple in its basic operations, a movie camera is a 
complex machine built with a high degree of precision. 
Modern movie cameras are a jumble of sophisticated elec¬ 
tronic, electric, optical, and mechanical devices; all require a 
great deal of knowledge and skill to repair If something goes 
wrong. This is no place for an amateur to poke around, for the 
result will almost inevitably be additional damage. If your 
camera malfunctions, take it directly to an expert — the 
professional repairman recommended by your camera's manu¬ 
facturer or distributor. He has the expertise to do the 
necessary repair work, and the special tools and instruments 
to do it accurately. 
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What you can address yourself to, however, is preventive 
maintenance; this is something you should do con¬ 
scientiously, almost religiously, so that you can stack the 
odds against the likelihood of your camera's ever needing 
repair. 

First and foremost, you should take care to protect your 
camera from bounces, bumps, and vibrations; this is espe¬ 
cially true of the lens, whose alignment is critical within 
fractions of a millimeter. If you lay the camera down, place it 
in such a way that its broadest surface is in contact with 
whatever you place it on; do not put it in a position that will 
enable it to tip over. If you are traveling in a car or other 
vehicle, place the camera on the seat — well back, where it 
can be cradled against the back of the seat. That way, any 
vibration will be absorbed by the seat's padding — and, if you 
are forced into a short stop, there is less likelihood that the 
camera will be hurled to the floor. 

When you carry the camera, do not let it merely dangle by 
its strap. Hold it in your hand, using the strap simply as an 
additional safeguard. If it dangles freely from your wrist, it can 
swing about and knock into any number of the malevolent 
items that were sitting there, just waiting for it to come along. 

It is surprising how much damage befalls a camera as the 
result of pure carelessness and thoughtlessness on the part of 
the owner. Protecting a camera from the abuses of daily life 
really is simple and common-sensical. It requires nothing 
more than an appreciation of the machine's vulnerability to 
knocks and blows, and the application of logic to protect it 
against such things. If you pack the camera in a suitcase, 
surround it with a generous padding of soft material — 
clothing, for example — to hold it firmly in place; if you store 
it away for a period, put it in a dust-proof container. Also 
remember to remove the batteries when you store it; batteries 
are supposedly leak-proof nowadays, but don't bet on it — 
protect the camera's battery contacts from corrosion by 
spending a few moments taking the batteries out. 

Aside from run-of-the-mill cautions, however, there are a 
few other things to keep in mind. For the unfortunate fact is 
that many of the places you are most likely to want to record 
on movie film are places that can be lethal to a movie camera. 
The beach is full of sand that can get into the camera and 
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grind up its moving components; salt air encourages corro¬ 
sion, and salt water is absolutely deadly. If you ski, or just 
want to go out and play in the snow, you can quickly find how 
damaging melted snow can be if it enters the lens or the 
camera mechanism; if you go boating or canoeing, or if you 
film family and friends as they swim in a lake or pool, you run 
the same chance of water damage. Fortunately, you can do a 
good job of protecting your camera in all these conditions. 

The trick is to make a waterproof, sandproof, dust- and 
dirtproof housing for the camera. What do you make it of? A 
plastic sandwich bag or freezer bag will do just fine. Put the 
camera inside it, with the lens facing the bag's opening; then 
seal the bag around the lens with a rubber band. That's it. The 
camera is protected from all moisture short of total immersion 
caused by dropping it into the ocean. The lenses of most 
cameras are threaded to accept screw-in filters; if you want to 
do the best job of protecting the camera, buy a Skylight filter 
and leave it permanently on the lens. This will serve as a 
barrier against moisture and all the other evils of nature; and 
in the meantime, it has virtually no effect on lens performance 
(except that it tends to reduce the excess blueishness that 
you find on overcast days, or at high altitudes — both 
desirable attributes of this filter, which is also sometimes 
called a Haze filter). In combination with the plastic bag, this 
seals your camera very nicely against the onslaught of hostile 
elements. The bag should be large enough so that there is 
plenty of slack all around the camera; this enables you to 
grasp and operate all the controls. 

Of course, it will be necessary for you to remove the bag 
whenever you want to reload film, and then put the bag back 
into place again; all this takes a few extra moments. But the 
time you spend doing this is guaranteed to be shorter than the 
time it will take to repair the camera. 

Incidentally, if you should accidentally drop the camera into 
salt water, you should wash it out with fresh water immediate¬ 
ly. Don't just hold it under a faucet — fill a bucket full of fresh 
water, and leave the camera in it overnight. Fresh water will 
do the camera no good, but at least it will not cause the 
corrosion that salt will. In either case you will have to send 
the camera in for repair. But the difference between fresh¬ 
water damage and salt damage is the size of the repair bill. 
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B ^*“ECHANICALLY, a movie projector is nothing but a 
movie camera in reverse: using many similar compo- 
. W H nents (shutter, claw with intermittent movement, 
^^“™~^lens), it transports the film in a replication of the 
actions performed by the movie camera. The only real 
difference is that, instead of light entering the front of the 
lens and going through to strike the film, as in the camera, the 
projector's light, supplied by a lamp, goes through the film 
from behind, enters the rear of the lens, comes out the front 
of the lens, and continues onward to the movie screen. 

But how does all this conspire to make pictures that move? 

It all depends on the simple fact that many things are 
quicker than the eye. The eye has a quality, known as 
persistence of vision, which means that everything it sees is 
retained for an instant; only then does the vision "fade out” 
from the optic system. 

In the section on How the Movie Camera Works, we said 
that the camera produces 18 or 24 individual pictures, or 
frames, each second; we also said that the shutter speed of a 
regular movie camera is about 1 /40th second (at 18 frames 
per second only). Therefore, as the subject that was photo¬ 
graphed moved along, its movements were broken down into 
increments of one one-fortieth of a second, 18 such in¬ 
crements each second. 

When the film is run through the projector, the projector 
flashes each of these frames on the screen for the same 
length of time, 18 times per second. Individual pictures are 
coming and going at an extremely speedy rate; a rate so fast 
that the eye cannot see any particular one of them as a 
discrete picture. Instead, it sees the increments of motion 
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blended into one another, creating the illusion of continuous 
movement. Although the projector's shutter closes between 
frames, blocking all light from the screen (just as the movie 
camera s does), the eye rarely perceives this because the 
period of darkness is extremely brief and the eye's per¬ 
sistence of vision retains the sight of the picture even though 
the screen is momentarily dark. 

Frames Per Second 

WE HAVE SAID that the movie frames come and go at a rate 
of 18 or 24 per second. Why this variable? It depends upon 
the purpose the film is to serve; 1 8 frames per second (fps) is 
the traditional rate for silent movies, 24 fps for sound movies. 
The reason is that most sound movies have the sound track on 
the filrn itself. The nature of sound playback is that audio 
quality is better as the speed of the recording is increased; a 
given audio signal is stretched out over a longer length of the 
recording medium (be it a phonograph record, a recording 
tape, or a movie soundtrack) so that any distortions produced 
by the medium itself will have a comparatively smaller length 
of time to affect the sound. 

There is another reason for the 24 fps speed. Since the film 
is moving faster through both the camera and projector, the 
increments of motion captured by each frame are shorter; a 
camera that produces a 1 / 40 second exposure time of 18 fps 
will produce a 1 / 54 second exposure time at 24 fps. The 
image will be sharper because of the higher shutter speed, 
and the motion of the subject will be reproduced even more 
smoothly because of the shorter elapsed time between each 
frame. This is less of a consideration for the amateur, who 
projects his movies on a relatively small screen. But in movie 
theaters, where the screen is many feet or even many yards 
wide, any choppiness in the movement of filmed subjects will 
become more apparent; so professional films are almost 
always shot at 24 fps. 

Incidentally, although 24 fps has been the traditional speed 
for sound movies for the reasons mentioned, makers of 
amateur sound movies will find that they will get excellent 
audio quality at 18 fps. Sound-recording technology has 
improved tremendously over the years, letting the running 
speed of phonograph records drop from 78 revolutions per i 
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ninute (rpm) to 33 1 /3 rpm; tape recordings have been even 
Tiore dramatic in this respect, dropping from an original 1 5 
nches per second (ips) to the 1 7 / 8 ips of cassette recorders 
— and yet audio quality is superb, as any stereo buff knows, 
n view of these tremendous advances, reducing the speed of 
sound movies from 24 to 18 fps — a reduction of less than 
25% — has very little noticeable effect on the quality of an 
amateur movie's sound track. The fact is that, even at the 
'slow" 18 fps, the soundtrack is moving along at some 3 
nches per second — some 50% faster than the speed of 
sassette tape recorders. In the meantime, the slower shooting 
and projection speed saves money, because you use up less 
film for a given shot. 

Sound Separation 

IN CONNECTION with sound movies, often you will hear the 
term "picture-sound separation" or "sound advance". This 
refers to the fact that, when the soundtrack is on the film, the 
sound that corresponds to a particular frame of film is not 
adjacent to that frame; instead, the sound is located ahead of 
that frame. In super 8, the separation is 18 frames, meaning 
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that if you stretch out a reel of film on a table from left to 
right, the sound that goes with any particular frame in 
playback will be 18 frames to the right of that frame. 

It might seem more sensible to have the frame and its 
sound side-by-side (this is called "dead sync”) but it is not 
possible in projection. There are two reasons for this. First, 
the equipment that transmits light through the film takes 
space in the projector, and so does the equipment that plays 
the sound; there is not sufficient room for both to be side-by- 
side. Second, even if there were room, the conflicting 
requirements of picture and sound playback make dead sync 
impossible. A sound medium must run smoothly and contin¬ 
uously; for every slight alteration in running speed, you get 
the audio distortions known as wow and flutter. But a movie 
film runs intermittently past the lens in a continual stop-and- 
go. The sound playback equipment must be placed a distance 
away from the lens in the projector, with enough space 
between the two so that a loop of film can serve as a cushion 
between the intermittent movement at the lens and the 
continuous movement at the sound playback head. 

Threading 

NEARLY ALL modern super 8 projectors have an automatic 
threading mechanism in which the projector feeds the film 
through the film path and on to the take-up reel. This is a 
great convenience, particularly when you plan to show a large 
number of short reels, because threading a projector manually 
can take several moments and is always very tedious. The 
specific design of the automatic threading mechanism differs 
from one projector to the next, but all work on the same idea: 
the film is fed into an entryway, where it is grasped by a 
sprocket or feed roller and shuttled along through guide 
channels into the gate (the part of the film path that runs 
between the projection lamp at the rear, and the lens in front) 
and from there to additional film channels guiding the film 
past the sound heads (in a sound projector) and finally, to the 
take-up reel. Since film is flexible, equally easy to bend in the 
wrong direction as in the right one, it is essential that the film 
leader — the first foot or so of film — be in perfect condition. 
A leader that is bent, torn, too greatly curled, or otherwise 
damaged or misshapen, stands a good chance of not getting 
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all the way through the automatic threading path. It can jam 
somewhere inside, while the film behind it continues to come 
in and pile up behind the jam; the inevitable result is further 
film damage. For this reason you should be extremely 
protective of your film leader; you should inspect the first foot 
regularly and, at the first sign of any kind of damage, splice in 
a new length of leader film. 

PROBLEMS, CAUSES, REPAIRS 

AS IS the case with movie cameras, preventive maintenance 
is the most you really should attempt in the way of projector 
treatment. Projectors are not nearly as complex as cameras, 
but they are precise, closely-adjusted machines that require 
the skill of a trained technician, with the proper tools, to do a 
really satisfactory job on anything that get out of whack. 

Oiling and Cleaning 

IF YOUR projector requires oiling, the manufacturer usually 
notifies you of this in the instruction manual and indicates the 
oiling points. Never put oil in your projector unless specifi¬ 
cally directed by the manufacturer (the one possible exception 
is in the spindles that hold the feed and take-up reels, which 
sometimes grow sluggish or develop a squeak as they rotate; 
more often than not, however, this is the result of dirt rather 
than lack of lubrication). Under no circumstances should you 
allow any oil to come in contact with any part of the projector 
that touches the film; if oil gets on the film, it will spread and 
degrade the image, and also attract and hold dust and dirt. All 
oiling (when specified by the manufacturer) should be done 
with a light machine oil, such as sewing-machine or type¬ 
writer oil. 

Many household oils have an ingredient that forms a slick 
that coats the surfaces to which it is applied. This is fine for 
locks, lawnmowers, and other devices that require both 
lubrication and protection against rust-producing moisture 
found in their working environments. But in precision machine¬ 
ry, projectors included, this ingredient will eventually dry out 
and turn into sludge that will gum up the mechanism; before 
new lubrication can be applied, the old will have to be 
removed by solvents. And even before the coating substance 
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dries, its tacky surface will collect and hold dust that 
otherwise would simply drop off the mechanism's com¬ 
ponents, compounding the sludge problem. Light machine 
oils of the type recommended do not have this coating 
ingredient; they are designed for use on equipment that is not 
normally exposed to the elements, and their purpose is simply 
to lubricate. 

You should, of course, be especially careful to keep the 
projector clean; this has less to do with maintaining the 
projector than it does with maintaining your films, since the 
smallest speck of dust can permanently scratch your film if it 
is caught in the projector. You should remove all dust from 
the projector before each showing, paying special attention to 
the fiJm gate where the film is held under pressure. A fine 
camel's-hair brush is a good cleaning tool, although it may 
spread some of the dust around, transferring it from one point 
on the projector to another instead of removing it altogether. 
The best cleaning tool is a lintless cloth dipped in alcohol; 
this is good for all metallic parts, but to clean the lens you 
should use a blower, a brush, or one of the special lens¬ 
cleaning fluids available at camera dealers. 

Belt Repair 

OCCASIONALLY the take-up spindle (or the feed spindle, 
when the projector is being run backwards) fails to turn. 
Depending upon the specific construction of your projector, 
and the accessibility of its components, this may be some¬ 
thing you can fix yourself. In most designs the spindles are 
driven by some form of belt that connects with the motor 
shaft; these belts are usually adjusted so that they have 
sufficient tension to rotate a large reel loaded with film, but at 
the same time they have enough slippage so that the film 
itself will regulate the actual speed of rotation as it feeds onto 
the reel. Failure of the take-up is most commonly attributed to 
the belt's stretching out of size, or breaking altogether. 
Depending on the style of belt used in your projector, you may 
be able to do repairs, at least on a temporary basis, until you 
get the chance to turn the projector over to a professional 
repairman. 

The first step is to remove the covers on the backside of the 
projector, so you can examine the belt, see what style it is, 
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3 nd determine how easily accessible it is. In some projectors, 
he belt is obscured by other mechanical components, 
■neaning that you would have to dismantle a large portion of 
he mechanism to get at the source of the problem; better to 
orget about home-made repairs in this case. In other designs, 
lowever, there are no major obstacles between you and the 
)elt. In some cases the belt consists of a tightly coiled spring 
hat can be rejoined by opening up the end coils on both sides 
)f the break, connecting them, and closing the coils again. 
Dther designs have a flat belt made of some kind of fabric — 
)lastic, or nylon. A strong glue, such as contact cement, may 
)rove a successful means for joining a broken belt. 

Do your best to join the broken portions in a ''butt splice" 
vith the two pieces contacting each other end-to-end, rather 
han overlapping them; an overlapped splice, because of its 
jxtra thickness, may cause the belt to ride high on its drive 
vheel and slip the track — forcing you to begin the whole 
)rocess again. Never use staples to join the ends of the belt. 
Staples are rigid, unable to turn around the circular drive 
^heel; they will create another situation of the belt riding 
ligh, causing it to jump off the wheel. In all cases, the belt 
should be mended while in its normal running position, 
connecting the reel spindle with the motor. 

Burned-Out Lamp 

THE MOST COMMON "repair" you will have to make on your 
Drojector is the replacement of a burned-out projection lamp, 
rhe instruction book specifies the type of lamp to use, and 
3 ives directions on how to install it. The most important thing 
:o remember is never touch the glass envelope of the lamp 
A/ith your bare fingers. In certain kinds of projection lamps, 
the oil from your fingertips will weaken the glass, causing it 
literally to melt, bubble and break from its own heat. Many 
Drojectors are supplied with a special tool for holding the lamp 
while you install it. But in all cases, it is best if you perform 
the replacement while wearing thin gloves such as those used 
by film editors; the rubber gloves used in household cleaning 
also can be used. 
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SLR 

Cameras 

O NLY A VERY few basic components are in a 35mn 
single lens reflex (sir) camera, but literally thousand* 
of tiny cams, gears, screws, wires, springs, and elec 
tronic components are needed to make the bask 
parts work together as a team. 

The most important component of any sir is its lens, whici 
focuses an image of the object you wish to photograph on thf 
film within the camera. Composed of both optical (glass) anc 
mechanical (metal) elements, lenses are interchangeable or 
virtually all sirs. A lens may be removed from the camera bod\ 
and replaced with a lens of another focal length (differen- 
angle of view and magnifying power) to achieve differed 
effects, or to compensate for different conditions. 

Of course, all sirs also have bodies. The body houses mos>| 
of the camera's mechanisms, keeping the components of thej 
camera system together and aligned to function properly. The 
body also contains the film in a light-proof environment anc; 
provides a path for the film to follow from its cartridge at one 
end to a take-up spool at the other. Between the cartridge,: 
which is felt-lined to trap light, and the take-up spool, the filrr 
passes over a rectangular cut-out, the film plane aperture, 
located directly behind the lens. In most sirs a device called 8 
focal-plane shutter is located between the lens and the film. 
This type of shutter is similar in construction to a pair of black 
window shades, and is positioned behind the lens to prevent 
light from reaching the film and exposing it before you are 
ready to make a photograph. 

A very few sirs have leaf-type shutters located in theii 
lenses. These serve the same purpose of sealing off light 
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until it is desired, but they consist of several metal blades 
which fan out to admit light from the lens to the film. We wil 
return to the shutter later. 

There is yet another object between the lens of the sir anc 
the focal-plane shutter: a mirror. The mirror, at a 45° angle tc 
the film-plane, redirects the image from the lens up to a little 
ground glass screen which is perpendicular to the film plane 
and located so that it is optically at exactly the same distance 
from the lens as is the film. With this construction, you may 
view and focus the image you wish to photograph righl 
through the taking lens mounted on the camera. This unique 
property of being able to see exactly what is to be recorded or 
the film, plus small size, light weight, interchangeable lenses, 
and overall convenience, combine to make the 35mm sir the 
overwhelming choice of photographers the world over. 

The Image 

OWING TO the nature of optics, the image formed on the 
ground glass screen is both upside down and reversed. 
Obviously, focusing on such an image could be very con¬ 
fusing. So sir designers developed the pentaprism finder, a 
five-sided prism arrangement with a little viewing window ati 
the rear through which your eye sees the image on the screen 
right side up and right-way around. 

You have probably begun to wonder by now how you can' 
record on the film if there is not only a shutter but a mirrotj 
blocking the image. The answer is, you must move them away 
for an instant. When you wish to make a photo with an slr,r 
you follow this sequence; 

You open the camera body, load the film, and close the 
body. Then you wind a lever called the rapid-advance. This 
does several things. It moves a frame of film (iy 2 -inches long^ 
by 1-inch wide) behind the filmplane aperture. It cocks (winds 
spring tension into) the shutter curtains and the mirror 
mechanisms, and in most modern sirs also cocks the 
automatic diaphragm mechanism. (We will return to the 
diaphragm in a moment.) 

You then look through the viewfinder's window and focus 
the image on the viewing screen, set shutter speed and 
aperture with the appropriate controls and then, when all is 
ready, you press the shutter release button. With this action. 
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<ou cause the mirror to pivot upward, out of the way, so that 
he light being focused by the lens may fall on the film once 
he shutter curtains open. Next the lens diaphragm automati¬ 
cally closes to the aperture you have selected, the shutter 
curtains open, the image falls on the film and is recorded, the 
>hutter curtains close, the mirror falls back into place and the 
iiaphragm opens again. 

The diaphragm is a device of thin metal blades mounted 
vithin the barrel of the lens. It can be opened or closed to 
egulate the amount of light which passes through the lens, 
fhe size of the opening is called the aperture and it is 
measured in "f-stops." Older or inexpensive sirs have manual 
iiaphragms which must be set by hand before a picture is 
aken and then reopened, manually, to get enough light for 
ocusing the next shot. Most of the newer, and some of the 
nore expensive old, sirs perform this function automatically. 

Shutter speed regulation simply regulates the amount of 
ime the black "window-blind'' focal-plane shutter remains 
)pen, exposing the film to the light being focused on it by the 
ens. To determine the settings required by the diaphragm and 
he shutter, experience teaches you how to estimate them, or 
he instruction sheet packed with every roll of film lists 
general rules. For real accuracy, however, you should use an 
exposure meter. 

Many photographers use separate, hand-held meters; mod¬ 
ern sirs incorporate built-in meters which actually have their 
ight-sensing elements placed within the pentaprism, or at the 
ear of the mirror, or sometimes on a tiny plate just forward of 
he film plane which pivots along with the mirror. These 
Dehind-the-lens (btl) meters most often indicate correct 
aperture and shutter speed as the position of a moving 
leedle. To determine the proper shooting settings the 
Dhotographer need only set the speed of the film on a little 
dial, and then manipulate the shutter speed and aperture 
controls until the needle (visible in the viewfinder) is centered 
in a notch or is aligned (matched) with another needle. The 
alignment shows that the controls, which are cross linked to 
;he metering system, are properly set for correct exposure. 

Modern sirs perform this metering function at open aper¬ 
ture, so that the image on the viewing screen is bright, and 
Focusing may be carried out at the same time. There is an 
Dider, now essentially obsolete system, used with some btl 
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Jrs. called siop-dcri*m n>eterir>g. V\^ith stop-down metering the 
enses' diaphragm must actually be opened or closed to 
•btain a meter reading. This is quite inconvenient as it can be 
Jow and clumsy and often darkens the viewing screen. 

There are rwv.' rvi-o kinds of "automatic” 35mm sirs: the 
perture priori^* h'pe which, vrhen "told" the speed of the 
ilm and the aperture desired, vrill automatically pick the right 
hutter speed; ana the shutter priority' type which needs to be 
'tokJ" the film and shuner speeds before it automatically 
elects the right aperture. 

OfKe all of the him has been used, it is rewound into its 
ight-tight cartridge, by means of a rewind kr>ob. and remov'ed 
rom the sir for processirtg. 

^re and Maintenance 

'HERE IS virtually no maintenance v.hich the average photog- 
apher is able to perform on a modern sir. In this respect, 
hese machines are similar to fine watches and should never 
>e tampered with. In the event of a malfunction, it is always 
>est to return the camera to a shop authorized by its 
rtanufacturer or distributor. It usually costs less to do this in 
he long njn because these shops have the specialized tools 
md knovriedge to make repairs in the least amount of time — 
irxf time is what you are charged for. Hovrever, on occasion 
fou will have to perform routine or emergency' tasks. Some of 
he more common ones are covered in the chan below. 

PROBLEMS. CAUSES. REPAIRS 


Problem: Unclear Image 

Possible cause 

1. Dust on lens, screen or 
mirror 


2. Finger prints or salt 
spray on lens, screen 
or mirror 


Repair 

1. Blow the panicles off 
with a baby's ear 
syrir)ge. Never use a 
brush. 

2. Lightly moisten a p>ad- 
ded piece of lens tissue 
with Kodak lens clean- 


CONSUMER GUIDE 


265 


SLR Cameras 


ing fluid. GENTLY clean 
from the center out us¬ 
ing a second crumbled 
piece of lens tissue to 
move the pad on the 
lens surface. Never 
press, and never put 
your fingers directly on 
the paper pad or the 
glass surface. 

3. Dust, dirt or salt spray 3. Wipe with a lightly 
on the body moistened chamois. 

Problem: Meter fails to operate 

Possible cause Repair 

Battery off or defective Check to see that the bat¬ 
tery is switched on. Clean 
the battery terminals with 
a clean dry cloth. Use 
built-in battery checker or 
have your dealer check the 
battery. If the battery is 
functioning, bring the 
camera to the repair shop. 

Problem: Film cannot be wound with rapid advance 

Possible cause Repair 

Film already wound or roll Press the shutter button; 

finished the camera may be already 

wound. Check the frame 
counter to see if you have 
come to the end of the 

roll (20 or 36). If so, 

. push the rewind button 

and rewind the film into 
the cartridge. 
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Problem: Shutter button will not fire shutter 


Possible cause 

Rapid-advance lever or 
shutter button not opera¬ 
tive 


Repair 

Make sure the rapid-ad¬ 
vance lever has been fully 
wound. Do not force it 
through! Check to see if 
you have used all the film. 
If so, rewind then check 
the shutter function be¬ 
fore reloading. Check to 
see if the shutter button 
lock has been released. 


If you must store your camera for a long period, re¬ 
move the batteries and store them separately (or dis¬ 
card them). Place the camera in a plastic bag or con¬ 
tainer and seal to keep air out. 
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A BICYCLE at first sight presents no interesting 
answer to the question, "How does it work?" Il 
seems to suffer by comparison with other more* 
complex and intriguing items in this issue of CON¬ 
SUMER GUIDE Magazine such as automobiles, stereo sys¬ 
tems, and so forth. A bicycle seems simple because it has 
only mechanical components that require no electricity, 
chemical reactions or combustion, to do their work. 

A bicycle, however, is a well designed piece of machine 
ry with elements of sophistication far beyond itf 
surface appearance. In fact, the bicycle was the progehi 
tor of the motorcycle, the automobile and perhaps ever; 
the airplane. The industry spawned by the bicycle was' 
responsible for such developments as the pnuematic tire, 
the differential, the planetary gear system (which is thei 
heart of most automatic auto transmissions) and moderri 
ball bearings. The bicycle industry was also the first large' 
industrial user of steel tubing. The first automobiles uti¬ 
lized bicycle wheels and chain and sprocket bicycle drive'] 
systems and the Wright brothers used bicycle chain tc 
power their first successful airplanes. 

A bicycle is an inherently unstable vehicle which works 
only when controlled and balanced by a rider. Remembei 
your first attempt at learning how to ride? It took a while 
before you were able to correct quickly and accurately the 
seeming instability of the bicycle. The role of the ridei 
is a critical one, therefore, in the operation of a bicycle- 
only he or she keeps it from falling over. The rider con¬ 
tinually makes corrections as the bicycle moves forward, 
instinctively leaning from side to side to keep the mass 
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)f rider and bicycle properly balanced. A riderless bi- 
ycle with only a power source could not stay upright 
or long and few devices could provide the necessary cor- 
ections on a continuing basis. 

When a recording technician was asked what was the 
nost important development in the manufacture of records 
le replied, "Getting the hole in the middle of the record." 

with records, balancing a bicycle is the most important 
3 lement~all others are basically refinements. 

Major Components of a Bicycle 

5INCE NO ELEMENT of a bicycle is expendable, it is 
difficult if not impossible to say which is the most impor* 
tant, but certainly the frame must rank high on the list, 
since it is vital to a bicycle's basic handling characteristics, 
overall quality and price tag. Some of the more important 
aspects of the frame, and their effects on a bicycle's hand¬ 
ing, are as follows. 

Wheelbase—This is the dimension from the front wheel 
axle to the rear wheel axle (assuming that both wheels 
are the same size), if the frame has a short wheelbase 
(less than 40") the ride will be very responsive 
and "quick." If the wheelbase is long (40" or more) then 
the bicycle will have a softer, less lively feel. On the other 
hand, the longer frame will absorb a greater proportion 
of the road shocks encountered by the rider. A bicycle 
built for racing will have a short wheelbase while the great 
majority of bicycles built for touring and occasional riding 
will have a longer wheelbase. 

Frame angles—The angle formed by the seat mast and 
the head with a horizontal line also affects the bicycle's 
characteristics. The more acute these angles are (the closer 
to 90°) the livelier and more responsive the ride will be. 
On the other hand the frame's shock absorbing qualities 
will be reduced as the angles become more acute. Wider 
angles contribute to a more comfortable but less lively 
ride. 

Power Transmission 

THE POWER required to propel the bicycle is provided by 
the rider. This power is transmitted from the pedals to the 
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crank, to the front sprocket, then to the chain, the rear 
sprocket, and the wheel; finally, the force of the tire in con¬ 
tact with the ground pushes the bicycle forward. This 
power transmission is very effective: power losses due to 
the transmission account for only about 2 percent of the 
total power consumed in driving a bicycle forward. 

The front sprocket (which is the driving sprocket) is 
larger than the rear sprocket and a certain mechanical 
advantage is gained. The larger the front sprocket and 
the smaller the rear sprocket, the more ground a bicycle 
will cover with each turn of the pedals. 

The gearing on a single-speed bicycle is usually set so 
that the rear wheel will make approximately 2-1/2 turns 
for every turn of the front sprocket. Variable gear devices 
such as the three-speed hub allow the rider to change this 
basic gearing to accommodate changes in the road. These 
variable devices make it possible for the rider to "gear 
down" when encountering head winds or hills or to "gear 
up" when riding with the wind or when he simply wishes 
to gain additional speed. The two most popular gearing 
devices are the three-speed hub, which has a planetary 
gear system within the rear hubshell, and the derailleur 
system which derails the chain from one sprocket to a 
smaller or larger sprocket. Both types are operated by 
cable-operated shifting levers located on the frame or 
handlebars. 

The Braking System 

BRAKING on a bicycle is accomplished either through 
what is called a coaster brake, that is, a brake built into 
the rear hub and activated by turning the pedals back¬ 
wards, or a caliper brake system which operates by closing 
a pair of brake shoes over both wheel rims. The coaster 1 
brake is commonly built in with single-speed hubs and I 
occasionally with three-speed hubs. Caliper brake systems 
are found on three-speed bicycles and almost always with 
derailleur-equipped bicycles. Both types of braking systems 
are positive and very effective. One minor consideration 
with caliper brakes is that they do not work as well under 
wet conditions as they do under dry conditions. Hence, 
extra caution is called for in rainy or wet weather. 

Caliper brakes are further divided into two main cate- 
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gories—the sidepull type and the centerpull type. The center- 
pull type closes more evenly on both sides of the rim 
and therefore has a slightly better braking action. Center- 
pull brakes, however, are more expensive, due to having 
more parts, and they are more prone to adjustment prob¬ 
lems. 

The Steering System 

THE STEERING SYSTEM of the bicycle consists of the 
fork, handlebars, handlebar stem, front wheel and associ¬ 
ated bearings and fittings. The only real difference in any 
of these components from bicycle to bicycle is the amount 
of "bend” in the front fork. The amount of bend (or rake 
as it is called) also plays a role in the handling character¬ 
istics of the bicycle. The smaller the rake, the livelier the 
steering; the longer the rake, the more shock the fork 

will absorb. 

Preventive Maintenance for the Bicycle 

SINCE DETAILED repair procedures for all types of 
bicycles and bicycle components could occupy several 

volumes, only the most basic items are listed below; 

Tires and tubes —It is extremely important to keep tires 
properly inflated and to treat them as gently as possible. 
Do not jump curbs; avoid potholes and rough streets; 

keep oil and grease away from the tires. Bicycle tires 

lose air gradually and the inflation should be checked 
regularly with a tire gauge. Inflate tires with a high qual¬ 
ity bicycle-tire pump rather than gas station air hoses 
as these hoses can deliver too much air too quickly, lead¬ 
ing to a blowout. When removing and remounting tires 
and tubes, do not use sharp tools such as screwdrivers, 
as these will surely cut the tube. 

Frame and front fork—Little can go wrong with these 
items in a strictly "mechanical" sense but check the align¬ 
ment, especially after a spill or accident. Your best bet 
is to have the alignment checked by a bike mechanic if 
you think something is wrong. 

Power transmission components—The most vulnerable 
item in the power transmission system is the chain. It is 
subject to the most grueling conditions of heavy wear. 
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dirt, mud and rust. Clean the chain about once a month 
and lubricate with bicycle oil or one of the specially for¬ 
mulated chain lubricants. Wipe off any of the excess oil 
to keep it from splattering on the tires. The other com¬ 
ponents in the transmission system, such as the crank 
and bearings and the rear coaster brake hub, should 
give several years of good service without attention. Once 
every two years, however, it is a good idea to have them 
overhauled professionally. 

Shifting devices—Three-speed hubs need to be fed oil 
on a monthly basis to keep the many small parts operat¬ 
ing properly. The cable also may need occasional tight¬ 
ening as outlined in your owner's manual. Derailleurs 
should be wiped clean of the inevitable road grit, and 
moving parts should be lightly lubricated with oil. Cables 
should be checked for tightness and readjusted if nec¬ 
essary. Most owner's manuals provide information on 
how this is to be done. On both front and rear derail-' 
leurs there are usually two small screws which control 
the amount of travel of the derailleur. To set these screws, 
shift the chain to the extreme sprockets (backing off the 
appropriate screw if required) then turn in the appropriate 
screw to stop the derailleur from shifting any further. 

Cables—Both caliper brakes and derailleurs operate by 
means of cables which are used to transmit power from 
the hand lever. If the braking or shifting action seems 
a little sluggish, remove the cables and lubricate them 
with bicycle grease. This will make braking and shifting 
action much easier. 

Wheels and spokes—Check the spoke tightness occasional¬ 
ly and keep all spokes uniformly tightened. If you notice 
the wheels wobbling from side to side this can be correct¬ 
ed by tightening the spokes. Rims should be kept free of 
dirt and lubricants to allow the brakes to work efficiently. 

Caliper Brakes—Lightly oil all moving parts and wipe 
off excess oil. If the brakes squeal when applied, gently 
bend in the brake arm so that the front part of the brake 
block will touch the rim first. Cables should be adjusted 
with the adjusting barrel so that the brake blocks are 
no more than 1 / 8-inch from the rim. If this tolerance 
cannot be achieved with the adjusting barrel, loosen the 
cable anchor bolt, pull the cable taut with pliers and re¬ 
tighten the cable anchor bolt. 
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PROBLEMS, CAUSES, REPAIRS 

THOSE PROBLEMS just listed cover the most common 
difficulties bicycle owners face. Causes usually are dirt, 
neglect, and hard use of the machine, or accidental spills. 
Since each brand of bicycle will have its own slight dif¬ 
ferences in features, the owner's manuals always should 
be used in making repairs. For major problems, a bi¬ 
cycle shop is the place to go unless you have a full com¬ 
plement of bicycle repair tools and extensive practice in 
disassembly, repair and reassembly. 


274 


CONSUMER GUIDE 


Bicycle 

Care 


Bicycle Care 


Y our bicycle may require little or no attention at 
all, beyond keeping the tires filled with air. We 
know of bicyclists who have done nothing to their 
bikes for years! But as cycling becomes more popu¬ 
lar, and as you spend more time with your bike, you may want 
to consider keeping your own machine in good repair. You can 
save money by doing your own repairs, and with a little 
patience, you can do as good a job on many repairs or 
maintenance jobs as a professional mechanic. 

Tools 

THE MOST common tool for bicycle repair is the six-inch 
adjustable-end wrench, often called a Crescent wrench. 
Crescent is a manufacturer and not the only one that makes 
adjustable-end wrenches. Whatever brand or size wrench you 
purchase, make sure that the movable jaw does not wobble 
(at least not much), or else the wrench could slip and damage 
the nut. In addition, the wrench that slips could damage the 
finish of your bike frame, and most importantly, could injure 
your hand. 

You might find an eight-inch wrench more to your liking 
than a six. If you plan to do thorough maintenance yourself, 
then consider owning all of the following adjustable wrench 
sizes: four-, six-, eight-, and fifteen-inch models. There is a 
twelve-inch size, but since it does not fit bottom-bracket 
cups, its use is limited. The fifteen-inch wrench fits bottom 
brackets, headsets, and freewheel removers, and since it is 
longer than a twelve-inch, it provides better leverage anyway. 
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Frankly, nonadjustable wrenches — open-end, box, and 
specially designed bike wrenches — that fit specific nut and 
bolt-head sizes, are better than any adjustable wrench. 
Nonadjustable wrenches are less likely to slip, and they wear 
the nut less. Remember that since most better bicycle 
equipment employs nuts with metric dimensions, you must 
use metric wrenches that are properly sized for the nut. 

Finally, you can use socket wrenches with a ratchet handle. 
Fortunately, metric-size sockets are widely available with 
quarter-inch and three-eighth-inch insert slots. Therefore, if 
you already have a ratchet handle, you can simply get a few 
extra sockets for your bicycle needs. Never use a pliers of any 
kind on bicycle nuts or bolt heads! Smooth-faced pliers cannot 
grasp a nut at all, and knurled-face pliers invariably chew up a 
nut and render it ungripable for a proper wrench. 

In addition to wrenches, you also need at least one 
screwdriver. A forged, chrome-vanadium, four-inch blade 
screwdriver will do for most purposes. You should also have a 
long-nose pliers with knurled faces and with integral side 
cutter for pulling cables taut and trimming their ends. Get a 
set of three tire irons for removing tube-type tires from the 
rim. 

With these four types of tools — an adjustable wrench, a 
screwdriver, a long-nose pliers, and tire irons — you can do 
most of the everyday maintenance on your bicycle: tighten 
and loosen the nuts and bolts; adjust the brakes, gear 
changers, seat, and handlebar; and change flats or install new 
tires. 

Multiple-gear bikes require that at least the rear wheel, and 
preferably both wheels, be off the ground for proper adjust¬ 
ment of the gear changers and for checking brake operation. 
Carbondale makes an inexpensive bike stand for this purpose 
but you can simply hang the bike at two points (the seat anc 
the handlebar) from a basement pipe or from ceiling hooks — 
using ropes, straps, or stretch cords. Or, if you have £ 
convenient empty wall, you can mount two six-inch wal 
standards with two eight- to twelve-inch shelf brackets, abou 
fifteen inches apart. Pad each bracket (a towel is sufficient) 
and lay the top tube of the bike over the brackets. For open o 
ladies' frames, space the brackets to catch the seat and the 
handlebar stem. If you are on the road or if you cannot hanc 
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your bike, turn it upside-down and rest it on the seat and 
handlebar. 

For more involved work, you will need a spoke wrench to 
adjust or replace spokes, cone wrenches to overhaul hubs, 
and a freewheel remover — absolutely essential to remove a 
freewheel from the rear hub. If you plan to work on cranks 
arms, chainwheels, and bottom bracket, you need crankset 
tools and a vise to hold dismounted components as you work 
on them. 

Lubricants, Solvents, and Cleaners 

YOUR BICYCLE needs continual lubrication because the 
moving or bearing parts continuously pick up dirt and grit as 
you ride. The best lubricants to use are good-quality motor oil 
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— such as SAE 20 or 30 — or oil made specifically for bikes, 
such as that by Sturmey-Archer. Use grease for all the ball¬ 
bearing parts, for installation of threaded parts, and for 
installation of tight-fitting parts such as cotterless crank arms 
on the axle ends. The new spray lubricants such as WD-40 — 
with the skinny tube attached to the nozzle — are good for 
pin-point application. 

Use oil only for off-bike overhaul of parts. Oil can 
deteriorate tires and can render brake pads ineffective. In 
contrast, spray lubricant not only does not do such things, it 
also — through the force of the spray — helps remove the 
dirty residue from brake pivots, brake levers, front and rear 
derailleurs and their levers, and chains. 

Grease is primarily used for overhauling components. Use 
only grease made for bicycles: Lubriplate, Phil Wood, and 
Campagnolo manufacture the best greases. Remember, oils 
and greases made for high-speed automotive applications are 
totally unnecessary for bicycles, since no moving part of a 
bike runs as fast as that of an automobile. Hence, bike 
lubricants do not solidify from heat or break down from 
oxidation at high temperature. Buy grease in squeeze tubes; 
that way it stays clean and is easier to apply than from a can. 
If you get grease in cans, use a finger to apply it; no tool 
works as well. Have a cloth handy before you start to use 
grease. 

For thorough off-bike overhaul or cleaning of components, 
you will need a good solvent to remove old grease, grime, and 
grit. Never use kerosene or gasoline! They will explode. The 
other solvents — lacquer thinner, oleum spirits, turpentine, or 
turp-based paint-thinner — are flammable, but they are not 
explosive. Of these, lacquer thinner is the most penetrating, 
and it evaportates quickly leaving no residue of its own. 
Nevertheless, be careful when using lacquer thinner around 
your frame if it is lacquer-finished or epoxy-enamel-finished. 

To clean a component, get a metal or glass pie plate and 
pour solvent into it. Take the component apart and put all the 
pieces in the dish. Clean each part with your fingers, a 
toothbrush, and clean cloth. As each piece is cleaned, put it 
in another clean and empty container or on a clean piece of 
cloth. Do only one component at a time so as not to mix up 
pieces, and reassemble each component before starting 


CONSUMER GUIDE 


279 


Bicycle Care 
another. 

You should keep your bike clean as well as lubricated. The 
bike can be washed with liquid detergent and water. If the 
bicycle is heavily coated with mud, hose it down. This is best 
done on a warm, sunny day. The waterless spray cleaners — 
Fantastik, Windex, and Formula 409 — are excellent for 
cleaning the whole bike at any time of the year. If you live in a 
northern city and ride in the winter, then these cleaners are 
especially effective as they help neutralize the salt you pick 
up. Use these cleaners on the tires as well as on the frame 
and components; then use a spray lubricant immediately after 
cleaning. 

Bearings 

ALL OF THE moving parts of your bicycle run on bearings, 
usually ball bearings, and these require periodic overhaul. A 
very small number of components come equipped with needle 
or roller bearings, and some newer equipment comes with 
sealed bearings that require no maintenance. Since the 
needle-bearing type is similar to the ball-bearing type, if you 
understand one, you will understand the other. 

The moving parts all have cup and cone ball-bearing 
arrangements. This is true of wheel hubs, headset, bottom 
bracket, and pedals. In each case, a cone holds the balls in a 
cup, and a locknut holds the entire apparatus in a fixed 
position. Thus, a rotating axle is entirely supported by the 
balls. Bicycle grease is used to lubricate this system, as it 
keeps dirt and grit from interfering with the free running of the 
balls in the cup and cone. Each bearing assembly may have 
loose balls or — on some more expensive components — 
there may be a set of balls held in a cage or clip. 

When reinstalling balls, always install as many as the cup 
will hold. There will always be a little space left over, but this 
will be less than the diameter of one ball. With caged balls, 
the cage is always more closed on one side, more open on the 
other. The open side goes toward the cup, or larger part. To 
install balls or clips, pack the bearing cup with as much 
grease as you can, then put the balls in one at a time. The 
grease will more or less hold the balls in place until the cup or 
cone is tightened. For hubs and pedals, tighten the cone and 
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lock it; for brackets and headsets, tighten the cup and lock it. 

In either case, adjusting these bearings takes a little time. 
You must tighten the cup or cone involved, adjust it, and lock 
it. First, tighten the cup or cone a little, say from twelve 
o'clock to nine o'clock (one-quarter turn). Then, tighten the 
lock nut. If the component still binds, it is too tight and you 
must start over. If the axle moves back and forth along its 
axis, it is too loose. Again, you must start over. Keep 
adjusting until the axle rotates firmly and smoothly in its 
bearing without binding and without wobbling. Make sure the 
lock nut is on tightly, but not so tightly that you are forced to 
ruin it in order to remove it. Finally, if you want to practice 
bearing adjustment, get an old adjustable pedal and put it 
together a few times. The pedal mechanism is roughly the 
same as all the bearings on the bike. 


Finish and Appearance 

YOU SHOULD not let the paint and chrome on your bike 
deteriorate. Paint scratches and chips should be covered with 
touch-up paint, and the chrome should be polished occasion¬ 
ally with chrome polish, or with toothpaste (yes, toothpaste). 
Many dealers of well-known bicycles sell factory touch-up 
paint. If you cannot match colors exactly, it is still better to 
put on a fair match than to leave the scratches. You can also 
protect the overall finish with a coat of lacquer or bicycle over¬ 
coat. 

Since lacquer will lift an epoxy refinishing coat — even if it 
has dried and set — never use lacquer over epoxy. Actually, 
you should test any over-coat on the finish of your bike in an 
obscure place to make sure the finish will not lift. Whether 
the bike is lacquered or not, give it a wax coating with a clear 
liquid wax. Do not use the automobile waxes that dry to a 
cloudy appearance before you wipe them off; they only 
accumulate in the crevices and catch dirt. If you chip a decal 
or emblem, it can be touched up with model or touch-up paint. 

You might want to refinish the whole frame and fork. Use a 
good paint stripper and follow directions (be sure to wear 
rubber gloves). Go down to bare metal; then sand and polish 
with 1 20-grit aluminum oxide cloth torn in half-inch strips and 
used shoe-shine fashion. Give a final wash with alcohol or 
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vinegar; then, roll up newspaper and put a roll through the 
head tube and one through the bracket. These rolls should fit 
tightly to keep paint out. At this point you can do one of two 
things: either prime and paint it yourself, or take it to a car 
painting place and have them prime and paint it for you. They 
have a broad selection of colors, and they do an excellent job; 
you get a finish as good or better than the original, and it 
should not cost you more than about ten dollars. 

To do it yourself, prime the surface with zinc chromate 
primer, titanium dioxide, or aluminum primer, and let it dry 
completely. Use spray cans in a well-ventilated, well-lighted 
area. If your bike has chromed parts, mask them with masking 
tape and paper. Then use a spray enamel or epoxy enamel, 
applying two coats and letting the first coat dry overnight. Rub 
out bumps and runs after the first coat dries with 400 wet-dry 
sandpaper, and wash the dust away with alcohol before doing 
the next coat. If you can bear waiting, let it dry a week before 
you attempt to reassemble the bike. 

When you put new decals on the bike it will, hopefully, look 
as good as new. There is no law that says you must put on the 
same stickers that came with the bike. For the price of the 
decal, you can convert your bike from a Peugeot to a Schwinn 
Paramount. Or get some rub-on transfer letters from an art- 
supply store. Then you can put your own name on the frame. 
Whatever you do to your frame, refinishing it is certainly 
cheaper than buying a new frame or a whole new bike, and 
the frame's new appearance may give you a whole new 
outlook toward your bike. 
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T he mechanical system that fires a gun has 
not been changed much in the past 100 years. 
Some refinements have been made in internal de¬ 
sign and storage of cartridges or shells; accuracy 
as well as smoothness of functioning has been improved 
to some extent. 

How Guns Work 

ALL FIREARMS, rimfire as well as centerfire guns, have 
a hammer to which a firing pin is linked. The hammer 
is spring-activated, and, when cammed, engages a bar 
or sear that, at its other end, is hitched to the trigger 
mechanism. Depress the trigger, and the sear is released, 
which in turn permits the hammer to move forward or 
fall. This allows the firing pin to make contact with the 
primer in the cartridge. In rim-fire guns, the arrangement 
is similar, except that the firing pin is offset to the side 
so that the nose of the firing pin makes contact with the 
rim of the cartridge case, and ignites the priming com¬ 
pound contained in the rim. 

In single-shot rifles and shotguns, in side-by-side and 
over/under shotguns, there is no provision for storing 
ammunition. The cartridge or shell is inserted directly 
into the gun's chamber. In all other guns, there is some 
kind of storage place for ammunition—in semiautomatic 
pistols there is a magazine and ammunition is fed up¬ 
ward from the magazine into the chamber by the func¬ 
tioning of the gun. A similar system is used in most rifles. 
The storage of ammunition can be vertical, or in a tubular 
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system, as in pump and autoloading shotguns and in lever- 
action rifles. In revolvers, the spare ammunition is stored 
in the cylinder which rotates to bring the next live round 
into line with the rear end of the barrel. 

In all guns, excepting revolvers, the spent cartridge 
case must be removed from the chamber after firing to 
make way for the next round. This may be accomplished 
automatically by a selfloading gun, or mechanically by 
the shooter by either moving the bolt rearward, or by 
pulling back on the handle of a pump-action gun. The 
extractor, a small hook that engages in the extractor 
groove of the cartridge case does a considerable amount 
of mechanical work and as a rule only prolonged abuse 
will cause extractor or ejector problems. 

PROBLEMS, CAUSES, REPAIRS 

ALTHOUGH AMERICAN gunmakers do not operate 
under a proof law and each company follows its own 
ground rules in checking the performance of its products, 
mechanical failures of new guns are relatively rare. Most 
consumer complaints about sporting guns can be divided 
into three groups: failure to feed and function; lack of 
inherent accuracy; downright mechanical failure (seldom 
encountered). 

Failure to Feed 

FAILURE TO FEED can have two possible roots—in 
semiautomatic pistols, the fault is frequently found in 
bent magazine lips. Borrow a similar and undamaged 
magazine, and using it as a pattern, bend the lips of 
your magazine back into their original position with pliers. 
Work slowly and check the functioning of the gun fre¬ 
quently. 

Other feeding problems are found in the feed ramp, 
which requires professional attention, and in faulty am¬ 
munition. Some calibers, such as the 9mm Parabellum 
or Luger, are notorious for case-size variations, and some 
pistols are persnickety as to what brand of ammo they 
will digest without malfunctioning. If the magazine lips 
are not bent, try changing the brand of ammo before the 
next step, which would be having a gunsmith polish out 
the feed ramp. 
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Lack of Accuracy 

BENT SHOTGUN barrels will not shoot to point of aim. 
Here only a skilled gunsmith can help. Rifles often turn 
sour and lose their inherent accuracy. Look for two causes 
—a warped stock where the wood pushes the barrel out 
of alignment, or worn lands, either in the barrel or near 
the muzzle. If near the muzzle, a gunsmith can re-crown 
the barrel. Worn muzzles are an indication of poor gun¬ 
cleaning technique. If the barrel is shot out and lands 
are worn badly near the chamber, only a new barrel 
will help. Oil left in the barrel after cleaning also can 
cause erratic accuracy. 

In testing for accuracy, always use the same brand 
of ammo and the same bullet weight—different bullet weights 
and ammo brands print differently. Always clean your 
barrel from the breech; when this is not possible, as in 
lever-action guns, use a plastic Muzzle Guard to prevent 
the cleaning rod from making contact with the lands 
near the muzzle. 

In revolvers, poor handling of the gun—slamming the 
cylinder into the frame by the twist of the wrist—is the 
primary source of gun trouble. Slamming the cylinder 
into the frame damages the crane, which then prevents 
the cylinder's chamber from aligning properly with the 
barrel. Inaccuracy and shaving lead from bullets is the 
result. Although an expert can sometimes rebend a crane, 
a new one is a much better bet. especially if you observe 
good gun manners from then on. 

Failures to Function 

ACTION RODS, once bent, will lock up a gun. Similarly, 
the skinny shell carrier in most pump and autoloading 
shotguns is likely to get bent, or the shell carrier latch 
spring becomes unhitched or breaks. In such cases, the 
services of a gunsn^iith are recommended. In autoloading 
shotguns, the major trouble is that the shooter, in taking 
the gun down for cleaning, gets the friction rings assem¬ 
bled backward or in the wrong order. Read the instruc¬ 
tions that come with every new gun and learn to care for 
it properly. It will save you making an unnecessary trip 
to the gun shop. 


288 


CONSUMER GUIDE 


Fishing Reels 


Fishing 

Reels 



E ssentially, a fishing reel is nothing more than a 
line holder. For most sportfishing a quality reel is 
absolutely necessary for storing line. In certain types 
of fishing, a reel is needed that has an excellent 
"drag” which will help "fight" fish. 

Some reels are complicated pieces of machinery, every bit 
as precision-made as an expensive watch. Other reels are very 
simply designed. Fishing conditions and the kind of fish to be 
caught usually determine what sort of reel is needed. For 
example, a reel used for catching bluegills could never be 
used in offshore angling for blue marlin. 

Basically there are five different types of reels, each 
fulfilling a specific angling need. There are bait-casting, 
spinning, spin-cast, fly, and offshore trolling reels. All of 
these reels work in different ways. And, because of this, each 
type of reel will be discussed separately. 

Bait-Casting Reels 

A BAIT-CASTING reel actually is just a tiny winch. The cast 
lure furnishes propulsive movements to the spool of the reel, 
pulling line from the reel. The cast is controlled by the 
angler's thumb. By applying pressure to the reel's spool, a 
fisherman can slow or stop the line leaving the spool, and 
thus accurately control his cast. 

Most of the newer, more expensive bait-casting reels have 
anti-backlash devices or "brakes". These mechanisms pre¬ 
vent the reel spool from revolving too fast; they supplement 
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thumb control". Without a “brake" or proper "thumb 
control of the reel's spool, a backlash or line tangle is almost 
certain to occur. 

Many quality bait-casting reels also have lightweight spools 
that stop quicker than heav>' spools; that, too, helps prevent 
line snarls. 

One of the most important parts of a bait-casting reel is its 
*'level-v/ind" device. This is a metal finger in front of the reel 
which moves back-and-forth and v/inds the fishing line evenly 
onto the reel spool. It makes casting easier because the line 
is v,*ound arxi unwound each time a cast is made and then 
retrieved. 

Most bait-casting reels are quadruple multiplying — which 
means the spool turns four times v/hen the handle is turned 
once. Thus a lure or bait can be retrieved quickly following the 
cast. 

Quality bait-casting reels also have a bunon that, when 
depressed, puts the reel into "free-spool." This is important 
because then only the spool revolves, not the reel's handle — 
and that makes for easier casting. 

Good bait-casting reels also have a "drag," usually a star- 
type mechanism artached to the reel handle's spindle. By 
turning the drag an angler can regulate the pressure necessary' 
to ‘puH" line from the reel. Drags are helpful in fighting some 
strong fish. 


Spinning Reels 

A SPINNING REEL is distinguished from other reels because it 
has a fixed spool. When a lure is cast, the sveight of the lure 
under forward momentum pulls line from the stationers^ spool. 

A "backlash" or an "over run" with a spinning reel is 
impossible because there is no inertia to overcome at the start 
of a cast. A spinning reel also permits the use of extremely 
light lures — ones that do not have sufficient weight to start a 
revolving spool in motion. 

To ma^e a cast svith a spinning reel, you must c^en a 
bail," secure the line on the tip of your index finger, and flex 
the rod back, then forward. During the forward movement the 
line is released from the finger tip and the lure pulls the line 
off the stationary' spool. To slow or halt progress of the lure. 
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you merely drop the tip of your index finger to the edge of the 
spool, thus contacting the line. With most spinning reels the 
bail automatically picks up the line to be rewound onto the 
spool as soon as the reel handle is turned forward. 

Virtually all of the better spinning reels have good "drags." 
Usually the "drag" is located on the front of the reel spool, 
and works in much the same way as a "star drag" does on 
bait-casting reels. By adjusting the "drag-knob" on a spinning 
reel a hooked fish can take line out against the proper 
pressure, and not break the line. 

Quality spinning reels also have an "anti-reverse lock." 
This is a mechanism that, when put in the "on" position, 
prevents the reel's handle from turning backwards. Thus line 
will pay out only against the reel's drag. While the "anti¬ 
reverse lock" is "on," fish can be played by tightening or 
loosening the drag — which leaves one hand free to land the 
fish. Too, the "lock" is useful in trolling, because when it is 
engaged the spinning rod can be placed in a rod-holder and 
the line will not pay out against the reel's tightened drag. 

Spin-Cast Reels 

A SPIN-CAST reel is just another kind of spinning reel. The 
difference is that the spin-cast reel has a closed-face spool, 
rather than an open-faced spool, as do spinning reels. The 
entire spin-casting reel mechanism is enclosed in a cone 
shaped hood. 

To cast with a spin-cast reel, a thumb push-button (or lever) 
must be depressed. Then the rod is flexed back, then forward. 
As the rod is brought forward the push-button is released. The 
reel's "pick-up pin" then frees the line, and the line is pulled 
from the stationary spool through a hole in the front of the 
reel's hood. 

Many spin-cast reels have poor drags, if any. Most drags are 
located on the spindle of the spin-cast reel's handle, and are 
adjusted by turning forward or back. 

Fly Reels 

A FLY REEL contributes nothing to a cast. It merely furnishes 
storage space for the fly line. 
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For heavy fly fishing, the fly reel must have a good drag. 
Unless the drag is smooth, a running fish will snap the leader 
the first time the drag balks. If the reel is not well made, its 
revolving spool may jam as a fish takes line. 

Quality fly reels have a spring drag, operating against a 
hard-metal ball-bearing washer, and you can alter the tension 
of the drag with a simple turn. The drag can be adjusted even 
while a hooked fish is taking line. 

Good fly reels are lightweight, single-action types. They 
have click mechanisms, either silent or audible, to prevent the 
reel's spool from "overrunning" when line is being 
"stripped" from the reel. 

Offshore Trolling Reels 

BASICALLY, an offshore trolling reel is just a larger and more 
sophisticated model of a quality bait-casting reel. 

Most offshore reels have a "free-spool lever," similar to 
that on a bait-casting reel, which allows the reel's spool to 
turn without the reel's handle turning. Some of the better 
offshore reels have two "levers;" one frees the spool 
completely, the other maintains sufficient pressure to prevent 
line overrun. 

Offshore trolling reels need a free-spool lever because, 
when a large gamefish strikes a trolled bait, slack line must be 
given so that the fish takes the bait completely. The reel then 
is put back "in gear" and the angler sets the hook. 

There are two types of drags on most offshore trolling reels. 
One is the typical "star drag," the other a "lever brake" type. 
The "lever brake" is preferred because it normally in¬ 
corporates the "free spool" mechanism and drag into the one 
lever. 

Most trolling reels are geared 3 to 1, which means the 
spool revolves three times each time the handle is turned. 

What to Consider When Purchasing a Reel 

GENERALLY, the steps to follow in buying one type of reel 
also apply when buying any kind of reel. 

Once an angler decides on the type of reel he wants (bait¬ 
casting, spinning, spin-casting, etc.), he should write to j 
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various reel manufacturers for their latest catalogs. The 
catalogs will enable him to compare the reels of various 
companies. The important features of reels are detailed in 
these catalogs, including their line capacities, drag styles, 
etc. 

Usually, you get what you pay for when buying reels. Thus 
the rule is purchase the best reel you can afford. 

The best way to be sure you are buying a good reel, is to 
purchase a name brand reel. Reel manufacturers with good 
"names” got them by producing dependable reels, pricing 
them fairly, and maintaining a quality repair service. 

Some of the major points to consider when purchasing any 
reel are smoothness of operation, the availability of parts, 
special quick take-down features, practical design, a minimum 
of parts, particularly moving parts, and ease of cleaning and 
oiling. 


Basic Reel Maintenance 

TWO OR THREE times a year reels should be taken apart (how 
to do this is outlined in pamphlets-that come with reels when 
purchased) and the gears cleaned and oiled. The inside of the 
reel should be rinsed with gasoline, and a toothbrush should 
be used to scrub all the moving parts. When dry, all moving 
parts should be lightly oiled, and a small amount of grease 
applied to the toothed gears. Never apply too much gear 
grease or oil, and use grease and oil made specifically for use 
on fishing reels. Such grease and oil can be purchased at 
sporting goods and tackle stores. In a pinch, any quality light 
oil can be used, and Vaseline will substitute for reel gear 
grease. 

A reel used in salt water needs special care. Salt water 
corrodes any reel quickly. It is imperative to thoroughly wash 
your reel in fresh water following fishing in salt water. Do not 
wait until the next day; that is too late. 

Some experts even take their reels completely apart after 
salt water fishing. They hold the parts under running water for 
10 minutes or more, then dry them carefully. Finally, all 
moving parts are given a thin coat of reel oil (or grease); then 
the reel is reassembled. 
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PROBLEMS. CAUSES, REPAIRS 
How to Fix a Broken Reel 

MOST BROKEN reels can be repaired by you, at home, at very 
little cost, provided you can get the needed parts. This is why 
CONSUMER GUIDE Magazine recommends the purchase of 
name brand reels. Tackle stores across the nation stock parts 
for "name” reels. 

Bait-Casting Reels 

OCCASIONALLY a bait-casting reel is dropped and the handle 
bent. If this happens, remove the handle, hammer it straight, 
and replace it on the reel. If the handle is damaged so badly 
that it cannot be straightened, buy another from a tackle store 
or the manufacturer. 

Occasionally the "level-wind" mechanism on a bait-casting 
reel will be bent. It may be straightened with pliers. 

A common problem with bait-casting reels is that the 
"level-wind" either doesn't move at the proper speed, skips, 
or doesn't move at all. If this happens the "level-wind" pawl 
is worn out. Remove the screw at the end of the "level-wind” 
bar, withdraw the bar, shake the "level-wind" in your hand,, 
and a small brass gear, called a "pawl," will drop out. 
Purchase a new pawl, put a drop of oil on it, and reassemble 
the "level-wind." It will work as new. 


Spinning Reels 

OCCASIONALLY a spinning reel's bail will not "open" 
properly for casting. The "bail spring" probably is broken. 
This spring is located under the large screw that holds the bail 
to the reel. The screw can be removed easily and a new* 
spring put in place. 

When a spinning reel's bail is bent it is almost impossible 
to straighten it. Buy a new bail and replace the damaged one. 

Drags frequently go up on spinning reels. When this occurs, 
unscrew the drag assembly from the front of the reel-spool, 
and replace it with a new assembly. 
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Spin-Cast Reels 

MOST SPIN-CAST reels are reasonably trouble-free. How¬ 
ever, frequently the fishing line will get jammed behind the 
reel spool. To fix this, unscrew the reel's hood, remove the 
line spool, pull the line out, and place the line properly behind 
the line spool "pick-up pin." Then put the line spool back on, 
pull the line through the hole in the reel's cone-shaped hood 
and, finally, screw the hood back onto the reel. 

Fly Reels 

FLY REELS are very simply constructed. For this reason, 
compared to other reels, they are considerably more depend¬ 
able. Not much can go wrong with a quality, well-designed fly 
reel. Sand and dirt, however, can get into the reel's 
mechanism. If this occurs the reels should be taken apart and 
washed thoroughly with water. Then the reel should be dried 
completely and all the moving parts lightly oiled. 

Sometimes a fly reel's click-spring or drag-spring will break. 
These parts cannot be repaired, so they must be replaced. 
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One of the world's most famous fly reels, the Fin-Nor, 
although almost indestructible, has a cork-composition drag. 
With prolonged use the cork drag becomes smooth, worn by a 
metal plate that presses against it — much the way a car's 
brake lining wears down. The Fin-Nor drag can be fixed readily 
by merely roughing it with sandpaper. This will make the drag 
"grab" and the reel then will be perfectly functional again. 

Offshore Trolling Reels 

MOST OFFSHORE trolling reels are made so well that very 
little ever goes wrong with them. However, the drags on 
these reels occasionally slip. The drags in offshore reels are 
also made of cork-composition and can wear down. Sandpaper 
should be used to roughen them. 

Although quality offshore trolling reels stand up well 
against the corrosive effects of salt water, these reels must 
be washed completely with fresh water after they have been 
used. Following each salt water fishing trip the line should be 
run off the trolling reel, the reel should be removed from the 
rod, and then washed, dried, and oiled meticulously. 
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T he orbital SANDER is one of the most widely 
used tools in the home workshop. Its purpose is to 
give wooden surfaces a smooth finish. The orbital 
Sander gets its name from the fact that sandpaper on 
its flat metal plate spins in very small circles (orbits). 

Look at the diagrams. Note the motor. Most likely it is the 
universal type. Electric current flows through the line cord to 
the field coils and armature in the motor frame. The line cord 
enters the handle through its very end so that the cord is away 
from the work area when the tool is in use. A switch tapped 
into the line cord turns electricity on and off. 

For a discussion of how the universal motor works, see the 
chapter on Types of Motors. 

How it Works 

IN ORDER to obtain the orbital motion that moves the sanding 
plate in small circles, the motor drives the plate by means of a 
shaft that is slightly off center relative to the motor armature. 
The armature, first of all, rotates a heavy disk. The off-center 
shaft extends from the bottom of the disk and, when rotated 
by the motor, turns in a bearing centered on the inner side of 
sanding plate, causing the plate to oscillate. The part of 
the disk opposite the off-center shaft is weighted. This 
counterweight tends to balance the load imposed by the off- 
center shaft. Thus the motor is not subjected to undue 
vibration while the sanding plate is oscillating in its orbiting 
motion. 

At each of its four corners, the sanding plate is supported 
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by a rubber post. These posts provide the springiness that 
gives the plate freedom to oscillate while you are pressing 
down on it. 

Located at each end of the sanding plate is a knurled pin 
that can be rotated by a screwdriver. The ends of a correct- 
size sheet of sandpaper are inserted under the pins, and the 
pins turned so that the knurls roll to pull the sandpaper up 
tight against the sanding plate. A felt pad on the sanding 
block backs up the sandpaper allowing some flexibility for 
sanding surfaces not perfectly flat. 

PROBLEMS, CAUSES, REPAIR 

SOME CARE is needed to preserve the life of your orbital 
sander. The tool cools itself through ventilating slots in the 
cover. These slots must be kept clear of sawdust. Carefully 
scrape the dust from them with a dull-edged tool or wooden 
scraper, and do it frequently, before the dust builds up. 

The air pulled into the sander through the slots in the cover 
is ejected through holes in the metal base. It is this strong air 
exhaust which blasts dust away from the work surface as you 
sand. If the blast seems to be diminishing to a whisper, check 
these holes for dust build-up. 

Be careful how you handle the line cord. Do not pull on it. 
When home carpenters are enthusiastic and absorbed in their 
work, they tend to forget the limitations of the cord and 
stretch it beyond its reach, pulling it out of the wall 
receptacle, which frays and breaks inner wires. To prevent 
this, use an extension cord of adequate wire size. 

Orbital sanders rarely need lubrication. Bearings are pre¬ 
lubricated at the factory for the life of the tool. Never apply oil 
or anything else through the slots in the cover. 

After much, much use, the rubber studs on the flat metal 
plate may break, causing the plate to loosen. These studs can 
be replaced. Take off the sponge rubber pad. Pull out the 
hinge pins and unscrew the stud mounting screws. Replace 
with new ones made specifically for your drill. A hardware 
store or home improvement center will have what you need. 
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T he saber saw is also referred to as the jig saw 
It can be used for a variety of jobs, including intri 
cate cutting of decorative scrollwork and fanc’ 
curved edges; making cut-outs for pipes, electrii 
cable and wall outlets; and precise notching of studs. 

Many home carpenters think the saber saw is designed fo 
high-speed cutting. It is not. Although it may be used fo 
relatively heavy work, such as ripping plywood of moderat) 
thickness and even sawing a 2x4, the blade should never b( 
forced. Trying to speed action will cause the blade to break. 

Generally, the power parts of a saber saw are set up tc 
provide reciprocating (back-and-forth) motion at the workinc 
end, which is the blade. In this respect, then, the saber saw 
works on the same general principle as other reciprocating 
appliances and tools, including hedge trimmers. 

It all starts with an electric motor, which is positionec 
horizontally. As you know, an electric motor functions 
because of magnetism. See the chapter on Types of Motors 
for an explanation of Universal motors — the kind found in ths 
best saber saws. Electricity is applied through the line cord tc 
the so-called field coil in the motor frame. The armature is 
enclosed in the frame, but is not attached to it. A variation in 
positive and negative poles is established vis-a-vis the frame 
and armature. Opposites attract and similarities repel. This is 
electro-magnetism, and the attraction and repulsion set up in 
the magnetic field cause the armature to spin rapidly. 

Getting motor motion to the small, stiff saber-shaped saw 
blade extending from the chuck rod is the next task. The blade 
must be driven at a speed of 200 to 300 strokes per 
minute. 
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SABER SAW DIAGRAM 
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The armature shaft moves the pinion. The pinion causes the 
main gear to revolve. The eccentric stud on the main gear is 
positioned near the rim of the gear, so it makes a wide arc. 
This stud is interlocked to a round steel chuck rod which rides 
on a bearing. This chuck rod bears the saw blade. In essence, 
then, the rotary motion of the rapidly moving armature rotates 
the pinion, which rotates the main gear and eccentric. Wide 
arcing, but rapid movements are transferred to the blade. 

Inexpensive saber saws contain an electromagnet that 
vibrates 120 times a second in step with the 60 hertz line 
current frequency, and moves the saw blade through a 
connection to the vibrating electromagnet plunger. 

PROBLEMS, CAUSES. REPAIRS 

PROBABLY THE BIGGEST problem you will have is blade 
breakage until you get the feel of just how much load you can 
impose on the saw. Blades breaking are really a blessing, 
however. If the blade did not "give" under heavy load, 
continued sawing could damage an internal part. 

The only other real headache you may have -is worn 
brushes. However, brushes in most saws can be replaced 
through external access holes covered with screw-in caps. 

If sawing speed seems less than normal, or the motor 
falters, remove brushes and measure them. Brushes that have 
worn down to 1 / 4-inch or less should be replaced. 

An armature could burn out, but that is another part that can 
be replaced. One way to prevent burned out parts is to make 
sure that cool air is not blocked. Clear sawdust regularly from 
slots in the cover with a dull-bladed tool or wooden scraper. 

Armature burnout also can result from the saw blade 
binding in wood, pulling the motor to a standstill with current 
still running through it. If energized too long without rotating, 
the motor armature will be damaged. 

Two other problems that can occur with saber saws as well 
as with other electrical appliances and tools are switch failure 
and line cord malfunctions. Both can be tested as described in 
the chapter on the continuity test lamp, and both switches and 
cords are easily replaced. 
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Circular 

T he circular saw, also called the cut-off saw, is 
surpassed in popularity among home power tools 
only by the electric drill. The saw is relatively light 
in weight and can be held in the hand, but it is 
powerful enough to rip through 2 x 4's and 2 x 6's at a good 
rate of speed. 

A number of models are available. You can buy a circular 
saw with a blade size as small as four inches in diameter, or 
you can choose from others in blade size diameters increasing 
to 12 inches. You can buy a circular saw weighing as little as 
five pounds or one that weighs as much as 40. Naturally, the 
heavier saws with larger blades can do heavier work. 

Your choices go even further. Special blades that can be 
attached to most circular saws cut through practically every 
type of building material from slate to corrugated sheet metal. 

Yet, with all these refinements and the wide variety Of sizes 
and designs, there is no great mystery about how circular 
saws work. In fact, they are similar in operation to an ordinary 
food mixer, or electric drill. 

How It Works 

THE OBJECT in designing a circular saw is to attain high 
speed and considerable power at the blade. The electric 
motor used by a circular saw, therefore, must be larger and 
more powerful than the electric motor used by electric drills, 
food mixers, can openers, and other appliances and tools that 
employ universal type electric motors. 

For example, the electric motor of a 1 /4-inch electric drill 
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is rated at approximately 1 /2 horsepower. The electric motor 
in an electric circular saw has a rating of one horsepower to 
1-1/2 horsepower. 

But whatever the horsepower, the electric motor of the saw 
and the electric motor of the drill (and of other tools and 
appliances driven by a universal electric motor) work in 
exactly the same way. 

Still, there is a difference in the gear set-up. In electric 
drills, the high speed of the electric motor must be reduced 
substantially to let the drill develop sufficient torque (twisting 
motion) so the drill bit in the chuck can bite. The overall ratio 
of the gear train of the average 1 /4-inch electric drill is 12:1. 
This means that the speed of the chuck has been reduced to 
12 times less than that of the motor. 

For example, suppose the electric motor of a drill has a 
speed of 3600 revolutions per minute and a gear train having 
a ratio of 12:1 is used. The working speed of the drill (the 
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speed at the chuck) would be only 300 revolutions per minute 
(RPM) - 


3600 

12 


300. 


This reduction comes about through the use of successive 
gears. 

Now, gear trains of electric circular saws have ratios of 2:1 
— at most, 3:1. If the motor of the electric saw is rated at a 
speed of 3600 rpm, the actual working speed of the blade 
would be 1800 rpm. At its lowest (with a ratio of 3:1), it 
would be 1200 rpm. 

The driven gear of an electric circular saw is driven by a 
pinion that is cut into the end of the motor shaft. The saw 
blade is attached to the driven gear. The pinion and drive 
gears (they are the only gears in a circular saw) are relatively 
long, thus giving gear teeth a more substantial contact area so 
they are able to bear a heavy load without stripping. 


PROBLEMS, CAUSES, REPAIRS 


AS ARE OTHER portable electric tools, the circular saw is a 
very dependable tool that will last many, many years with 
little care. Simple maintenance includes: 

• Keep the tool clean of dirt and dust so that the cooling 
effect is not impeded. 

• Be careful with the line cord, neither stretching nor 
yanking it. 

• Lubricate the tool when and if called for by the manufac¬ 
turer (consult service data in the instruction booklet). 

• Use the tool for its intended purpose only. 

Problems that arise from normal use include: motor brush 
wear (brushes can be replaced, usually by unscrewing caps 
over access holes in the saw's body, lifting out the old 
brushes and inserting new ones); and on-off switch failure 
(the switch is replaceable by unscrewing the handle and 
removing the switch from its seat by disconnecting wires). 

Note: The radial arm (table) saw is a more powerful version 
of the hand-held circular saw. It is mounted on a platform and 
cuts wood that is placed on a table. Everything that applies to 
circular saws as described in this section applies as well to 
the radial arm saw. 
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T he cool, shadow-free glow and even illumination 
of fluorescent lights have made this kind of lighting 
popular in both desk lamps and ceiling fixtures. 
Round and tubular fluorescent bulbs are used. In 
principle, both are alike; only the shape is different. 

It is a recognized fact that, for the same wattage, the 
fluorescent bulb gives out much more lamp (light) than the 
incandescent bulb. The reason? In the incandescent bulb, 
much of the electricity is turned into heat instead of light 
whereas the fluorescent bulb stays fairly cool. It is a much 
more efficient way to change electricity into light. 

On the other hand, the fluorescent circuit is complete. All 
the incandescent bulb needs is a socket to feed it current. 

Following through the circuit, beginning on the left-hand 
prong on the plug, current goes through the ballast, through 
one of the lamp filaments, through the closed switch in the 
starter, through the other filament in the lamp, and out the 
right-hand prong on the plug. 

Because current is going through them, the filaments in the 
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lamp glow. There is a gas inside the tube. The glowing 
filaments electrify the gas in the vicinity of the filament. In the 
meantime, current is going through the starter, and a small 
thermostat in it is heating up. Quickly the thermostat trips the 
starter switch and turns it off. 

In turning off, the thermostat switch breaks the entire 
circuit. But the ballast is of an electrical nature that causes it 
to generate a momentary surge of high voltage just at the 
instant its current flow is cut off. This high voltage causes a 
flash to jump across the tube from one filament to the other 
through the gas already electrified and ready for the flash to 
occur. 

Once the flash is started it continues. Now, current from the 
plug goes through the ballast, through the tube, and out the 
other end. Now the ballast is put to another use. It drops the 
voltage so that the lamp itself is operating on something like 
25 to 50 volts. That is all the fluorescent bulb needs to stay 
lighted once it is started. 

Actually, you do not see the light inside the bulb. It is black 
light — the discotheque type. What you do see is the glow 
given off by a chemical powder lining the fluorescent tube. 
Different powders give different colors: white, green, yellow, 
blue, and the color called daylight. 

The other is the desk lamp with a fluorescent bulb. There 
is only one difference from the circuit just described — the 
user is his own ''starter.'' 

To turn on the lamp, hold down the start (red) push button 
just for a moment — then release it. Release opens the 
switch, cutting off the ballast current flow. When its current 
gets cut off, the ballast produces its short pulse of high 
voltage, lighting the tube. For those of you who are 
technically inquisitive, it is the collapsing magnetic field in 
the ballast which causes what is called an "inductive kick." 
Once lighted, the tube stays turned on. To turn off the lamp, 
push the black button. This is a push-to-disconnect type of 
switch, and it breaks the entire circuit, causing everything to 
stop. 

Servicing a fluorescent lamp is done by what is called the 
substitution method. First of all, put in a new bulb and see if 
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that solves the problem. If not, then put in a new starter. If the 
lamp still does not work, put in a new ballast. Hold off on the 
ballast replacement until last because you must take the 
fixture apart to get to it. And, finally, if none of these fix the 
lamp, then replace the switch. 

As the lamp darkens with age, replace it. You will get more 
light for your money. If the lamp flickers constantly, chances 
are that the starter is bad and needs replacement. Get the 
right size starter for the lamp wattage. Ballast faults are rare, 
but when they occur you can usually tell from the stench of 
scorched insulation. 

A final word. If you need to disconnect the internal wiring 
— say to replace the ballast — tag the wires to help when you 
put the appliance back together. 
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E lectric hedge trimmers work on a principle 
much the same as electric knives. Two sawtooth 
blades in contact with each other do the cutting. 
One blade is fixed in place while the trimmer motor 
shuttles the other blade. Parts of the hedge caught in the 
teeth between moving and stationary blades are sheared off 
by the sharpened edges of the blade teeth. Generally, the 
fixed blade is at the bottom, with the moving blade located 
above it. A flat bar on top serves as a guide. 

Inside the tool, a reciprocating gear system converts the 
rotation of the motor into a back and forth motion that drives 
the movable blade. 

The power for an electric hedge trimmer is provided by a uni¬ 
versal motor that is exactly the same type used to drive certain 
other electric appliances and tools. Only size (horsepower) 
differs. Size depends on the load that the motor is designed 
to handle. The motor in a hedge trimmer is of moderate size 
— not as small as the one in an electric knife, but not as large 
as the one in a table saw. 

The chapter on Types of Motors describes the universal 
motor. In most hedge trimmers, a set of three small gears, 
called step-down gears, work together to bring motor speed to 
a level at which trimming action is the most effective. 

Keep in mind that the motor is rotating, and that this rotary 
motion must be transformed into reciprocating (back-and- 
forth) motion for cutting. This transformation is done by a 
small pinion gear and a beveled gear. The hedge trimmer 
diagram illustrates this. 

Note that the third gear of the three step-down gears has a 
shaft. This shaft drives the small pinion gear, which meshes 
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with and turns the bevel gear. It is set in such a way that it 
drives in reciprocating fashion anything that is attached to it. 

There is usually a small stud, called an eccentric stud, that 
is part of the bevel gear. It is the part of the gear that actually 
drives the moveable blade of the trimmer through a device 
called the drive block. 

PROBLEMS, CAUSES, REPAIRS 

ACTUALLY, the bevel gear's eccentric stud could drive the 
blade directly, but this would cause direct wear on the blade. 
When the stud wore down the blade sufficiently (the 
moveable blade would not move), the blade would have to be 
replaced. This is an expensive matter. 

By applying stud movement to the small drive block, only 
the block must be replaced when it wears out, at a much 
lower cost than replacing the blade. However, the main 
reason for using a drive block is to minimize backlash and 
interference with starting up when on dead center. 

Other than this, care of an electric hedge trimmer is not 
extensive. You must be careful of the way you manipulate the 
line cord. Make sure the cord is a three-prong type for safety 
reasons. As with the electric lawn mower and other outdoor 
tools, you may come into contact with moisture. Unless the 
tool is properly grounded, you can receive a serious shock. 
Brush wear can occur, as in other appliances; if you find that 
the brushes have worn down below 1 / 2-inch, replace them. 

The on-off switch might be a source of trouble in time. 
Contacts might wear. If they do and the switch does not 
close, the tool will not start. The switch can be replaced if it 
fails. 

Read the instruction manual that comes with the tool for 
any directions concerning lubrication of gears. Many manufac¬ 
turers pre-lubricate parts at the factory, but there may be 
some that require lubrication. 

Also be sure to follow the manufacturer's advice concerning 
use of the tool. Do not try to use one for sawing down a tree 
— in fact, do not use one for anything except for what it is 
intended. You will ruin the trimmer. 

IMPORTANT: If cutters jam due to a heavy branch or foreign 
object, TURN OFF THE MOTOR. Allowing the motor to hum 
away without turning will do great damage and shorten the life 
of the armature. 
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Drills 



OTHER power tool is as widely used as the 
\ portable electric drill. No other power tool offers as 
1 much flexibility as the portable electric drill. It 
literally puts a motorized tool shop in your hand. 

The electric drill is much more than a drill. With its many 
different accessories, you can sand, saw, buff, polish, drive 
screws, cut holes, and mix paint. 

Yet, for all its versatility, the portable electric drill is 
basically a very simple tool. It uses an ordinary universal 
electric motor of the type employed by so many other motor- 
driven appliances and tools, including blenders and mixers, 
fans, hedge trimmers, power senders, routers, saws, and the 
electric lawn mower. The only difference is the size of the 
motor. The so-called y4-inch electric drill has a relatively 
medium-size motor. The so-called 3/ 8-inch electric drill has a 
larger size motor than the y4-inch. 

When you turn on the switch of an electric drill, electricity 
flows to the motor, creating a magnetic field that causes the 
motor, and a shaft at the end of the motor, to revolve. The 
shaft is geared and meshes with a series of other gears, 
which turn to deliver rotary motion to the working end of the 
drill, which is called the chuck. 

A fan on the motor shaft also revolves with the motor to 
cool the moving parts. 

It is important to note that unlike such motor-driven electric 
appliances as blenders and mixers, the drill employs gears. 
Other tools, including saws and hedge trimmers, also employ 
gears. In operation, gears do for drills what a multi-speed 
switch does for blenders — they contribute to a change in 
speed. The gear train reduces the motor speed by a fixed ratio 
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Electric Drills 

that depends on the number of teeth on the gear set. As one. 
gear takes over from another with a different number of teeth, 
speed is reduced until it reaches the desired operating speed. 
In this way, a much lower speed can be attained than with a 
multi-speed switch. 

With a drill, motor speed often must be reduced drastically 
so that sufficient torque (twisting motion) can be produced to 
turn the drill bit slowly but powerfully to bite into tough 
materials, especially metal. The purpose of the gearing 
system in a drill, therefore, is to step down the high speed of 
the motor to a much slower speed at the chuck, without losing 
power. 

For example, a drill motor, unimpeded, may have a top 
speed of 3600 revolutions per minute, but because of 
gearing, the speed at the chuck may be only 300 revolutions 
per minute. 

Many of the newer drills are built to drive the bit at various 
speeds. Unlike the earlier models, which provided only one 
speed to the chuck, the trigger on these newer types can be 
manipulated to get chuck speeds over a varying range. This is 
made possible by combining a solid state speed controller 
with the gear reduction system. The gear train reduces the 
drive to a certain speed; the controller reduces the speed 
below this value all the way down to an extremely slow 
speed. Thus you can select a fairly rapid chuck speed when 
drilling into soft wood, or a suitable slow speed to start the 
drill to cut into steel. 

A multi-speed switch may use a number of resistors of 
different values in the switch to allow more or less voltage to 
get to the motor. The less voltage applied to the motor, the 
slower it will turn; the more voltage the motor receives, the 
faster it will turn. The combination of gearing with a multi¬ 
speed switch therefore means a dual control over speed, 
giving a variety of choices to the user. 

PROBLEMS, CAUSES, REPAIRS 

GIVEN THE PROPER care, an electric drill will serve you for 
many years. First of all, never use the drill on a job for which 
it is not intended. Before you buy the drill, read its instruction 
manual. Make certain the tool you buy is the tool you need. 

Using the drill for the wrong job, or on the wrong material. 
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can put an excessive overload on the motor. When the motor 
is jammed to a standstill repeatedly, and held there for 
extended periods of time, it becomes overheated. This 
damages insulation, which affects the armature especially. 

Watch out how you handle the line cord. There is no need 
to belabor this point — it has been mentioned many times 
throughout this issue of CONSUMER GUIDE Magazine. Do not 
abuse the cord. More electric drill failures occur because of a 
damaged line cord than for any other reason, especially since 
the drill seems to offer extraordinary opportunities for abuse. 
In particular, pulling the cord at the drill handle, and abrasion 
resulting from the cord being pulled across the concrete floor, 
against the edge of the workbench, and so on, cause serious 
damage. 

Make sure the drill is properly grounded before using it. 
This is vital for your safety. The chapter on "Grounding" 
explains the best way to do this. 

Keep air vents on the sides of the drill clear of foreign 
matter. The drill "breathes" through these vents. Cooling air 
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enters the vents to help the fan cool off parts, preventing a 
burned-out motor. Use a dull-edged tool such as a small putty 
knife or a small brush to clear debris from vents. 

Consult lubrication instructions in the manual accompanying 
the tool. Drill gears can be lubricated either with the kind of 
lubricant sold at appliance parts stores, or with a #2 
automotive grease. 

If drill speed seems very sluggish, or the drill fails to run, 
check the motor brushes to see if they have become worn 
through use. PuH the line cord from the wall outlet and 
remove the brushes for replacement. 

Make sure that all screws that hold the sections of the 
housing together are tight. They may come loose from the 
vibration of the drill and should be checked periodically. If 
they are not tightened, the vibration will cause internal 
damage. The chuck, too, must be tight; if it is loose, the drill 
simply will not work. 

If drill operation is erratic, or if the drill fails to run, worn 
brushes may be the cause. Remove the caps on the brush 
holders. Take out and examine the brushes. If worn shorter 
than y4-inch, or if spring tension is too loose, replace the 
brushes. 

Two other power tools — the router and the power screw¬ 
driver—are basically the same as an electric drill. The only 
differences between them are size and the makeup of the 
working end. A router's working end has cutters that re¬ 
volve to cut into and shape wood. The working end of a 
power screwdriver is, of course, a screwdriver tip. 
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Electric 
Lawn Mowers 

B asically, the electric lawn mower is nothing more 
than a cutting blade attached to a powerful electric 
motor. The motor revolves at a high rate of speed; 
the blade whirls around at a high rate of speed. 
Refinements make these lawn mowers highly efficient and 
reliable pieces of equipment. 

For example, notice the way in which the wheels are 
attached to the housing that contains the motor. The back 
wheels are on-line with each other, but the front wheels are 
probably staggered. This off-line positioning of the front 
wheels allows the mower to remain level when it is rolled 
over uneven ground. Without this feature, the blade would 
dip too low to the ground (perhaps even strike the ground), 
cutting grass at or below ground level. 

Notice also the strength of the blade. Most are made of 
1 / 4-inch-thick steel and are about two inches wide. They are 
usually one piece, with slightly twisted ends. This slight twist 
produces a fan effect as the blade revolves, creating an up¬ 
draft beneath the mower that lifts the grass blades so they 
are cut off evenly. 

Your blade may be equipped with bolted-on cutting edges 
near the tips. These cutters are mounted so they will swing 
back if the blade hits an obstruction. If edges are damaged, 
they can be unbolted and replaced. 

Keep in mind that an electric lawn mower motor is "free¬ 
wheeling"; that is, it is not geared, but is permitted to run at 
a constant, maximum speed. This speed is around 1800 
revolutions per minute. The blade, therefore, revolves at 
this same speed. 
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PROBLEMS, CAUSES, REPAIRS 

ELECTRIC LAWN MOWERS, when they fail, do so usually 
because of worn brushes or a dirty or damaged commuta^ 
tor. Keep in mind that an electric lawn mower is a powerful, 
but fairly simple, electric motor similar to the electric motors 
that drive other tools and appliances found throughout your 
home and explained in this issue of CONSUMER GUIDE 
Magazine. 

Brushes can be replaced. They are contained in brush 
holders that in most machines can be unscrewed. A dirty 
or damaged commutator should be repaired by a profes* 
sional technician. 

The one part of an electric lawn mower that receives the 
most punishment is the cord. So that you may mow a good 
distance, the cord is a long one and replacing or repairing 
it (aside from regular sharpening or replacing of blades) 
is the most commonly found problem on electric lawn 
mowers. This is not because of failure (power cords seldom 
fail), but because of carelessness: users of electric mowers 
run over the cords, slashing them with the blade. 

You should inspect your power cord often. Never take a 
chance with one that is damaged or showing signs of 
deterioration (cracked insulation). The danger of receiving 
serious shock is very real, because cords drag on the grass, 
which is often damp. This makes you the ground, and elec¬ 
tricity can pass from the damaged cord, through the mower 
housing, to you. 

Never, but never, operate an electric lawn mower using 
anything but a three-wire power cord that is designed for 
outdoor use. The third wire grounds the machine to the 
frame. Older mowers do not have grounded cords. Do not 
use an older mower until you have equipped it with a new 
cord. 

The All-Important Blade 

IF YOUR electric lawn mower develops a vibration, which 
is a fairly common problem, the heavy steel blade has 
probably been thrown out of balance. Vibration must be 
corrected as soon as possible to avoid wearing out motor 
bearings. Once bearings are damaged, your choice is to 
replace the bearings or replace the machine—both expensive 
propositions. 
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Check the blade's balance by removing it from the motor 
shaft (it is usually held by a bolt that can be removed with 
a properly fitting wrench). Hold the blade in a horizontal 
position and insert a metal rod (a small screwdriver will do 
nicely) through the blade's mounting hole. If the blade is 
not balanced, it will dip toward the heavy side. 

Grinding a blade to try to rebalance it is a hit-and-miss 
process, but less expensive than buying a new blade. Using 
a fine-cut grinding wheel, grind off a small amount of the 
cutting edge on the blade's heavy side. Use a light touch. 
Do not grind excessively, but make only one or two passes 
before stopping to retest blade balance. Proceed in this man¬ 
ner, grinding a bit at a time, until the blade comes to rest 
in a straight horizontal position when held by the metal 
balancing rod. 

Incidentally, you can sharpen a blade in this manner, but 
be sure to grind equal amounts of metal from both sides of 
the blade. 

Caution: In grinding a blade, hold the grinding wheel at 
a 45° angle to the blade. Do not approach the blade straight 
on. 


PROBLEMS, CAUSES, REPAIRS 
Problem: Lawnmower will not start 
Possible Cause: Repair: 

1. Worn brushes 1. Replace 

2. Dirty or damaged 2. Have repaired by 

commutator professional 

Problem: Lawnmower vibrates excessively 

Possible Cause: Repair: 

Cutting blade out of Grind a little at a time 

balance. to correct imbalance. 
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O F ALL THE precision instruments with which people 
are familiar, the typewriter is probably the most un¬ 
appreciated for the mechanical wonder that it is. It 
is a marvelous mechanism, an outstanding feat of 
engineering that successfully reconciles two opposing me¬ 
chanical principles: it must be strong so that constant 
pounding and banging will not knock it out of whack; it must 
be rapid and light in action so that the dance of fingertips 
across its keyboard will be all that is required to make the 
machine go. 

From a mechanical standpoint, strength has requirements 
that conflict with lightness and rapidity; strength means 
solidarity and mass, but solidarity and mass are the antithesis 
of lightness and rapidity. Yet typewriters overcome the 
conflict, as they have for a century (the first typewriter was 
put on the market in 1874) and uncounted millions of them 
have been manufactured. Your own typewriter, be it a 
portable or an office model, manual or electric, represents one 
of the most brilliantly conceived, carefully crafted, precisely 
engineered devices that the average citizen can buy. 

Manual Typewriters 

NOWADAYS, nearly all office typewriters are electrically 
powered, while most portables are manual. However, used 
manual office machines are available in abundance; they are 
not expensive, and more often than not they can be found in 
excellent operating condition. So although the office manual 
is a thing of the past as far as manufacturers are concerned, 
these models remain alive and well in the hands of private 
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users. For this reason, plus the fact that the mechanics of 
electric typewriters borrow considerably from manual-type¬ 
writer technology, we will devote ample space to the 
principles of the manual typewriter. 

To understand how the manual works, it would be helpful 
first to define the various components essential to its 
operation. First, of course, are the typewriter keys; these are 
the buttons at the front of the machine with letters printed on 
them, which, when pressed, activate the machine as a whole. 
The keys are at the operator's end of slim metal bars called 
keylevers; these lead into the interior of the machine and 
connect the keys with the other components required to make 
the typewriter go. The keylevers are connected with the 
typebars; these are the individual metal arms that swing up 
toward the paper when the keys are pressed. At the tips of 
the typebars are the type heads or slugs; these are the metal 
components that contain the actual type that strikes the paper 
and prints the letters. 

Inside the machine is a rod that traverses the width of the 
typewriter and is called the universal bar; this is the unit that 
activates many other parts of the typewriter that do not have 
to do with actually making the type strike the paper. One of 
these is the carriage; this is the part of the machine that holds 
the paper and moves back and forth. Mounted in the carriage 
is the roller, cylinder, or as it's officially called, the platen; 
this is the rubber-covered tube around which the paper is fed 
line by line while typing. The carriage and its platen are made 
to move from right to left by the mainspring; this is a coiled 
spring that pulls the carriage to the left, the mainspring and 
carriage being connected by a belt called the drawband. The 
carriage is prevented from moving to the left, until a key is 
pressed, by an assembly called the escapement; it is attached 
at the rear of the body, or frame of the typewriter. The 
escapement comes in contact with a bar at the rear or bottom 
of the carriage (depending upon the particular design) called 
the escapement rack; this is a toothed bar, each tooth 
representing one space in the travel of the carriage. 

The final major assembly in the typewriter is the ribbon 
mechanism, which consists of two basic groups of com¬ 
ponents. One is the ribbon feed; this is the mechanism that 
causes the ribbon to move back and forth between its two 
spools. The other is the ribbon vibrator; this is the little 
holder for the ribbon, directly in front of the point where the 
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type heads strike the paper, that causes the ribbon to move 
upward to bring the ribbon into typing position, and downwarc 
again so the ribbon will not block your sight of the letters 
printed. 

How it Works 

WHEN YOU PRESS a key, many things happen all at once. 
Most obviously, the keylever goes down and causes the 
typebar to lift, bringing the type head into contact with the 
paper wrapped around the platen. But there is more. As the 
keylever goes down, it comes into contact with the universal 
bar (in some designs, the typebar itself contacts the universal, 
or a linkage connecting the keylever with the typebar is what 
comes into contact with the universal bar) and makes the 
universal bar move. This movement is transmitted to the 
escapement by means of another connecting bar or linkage. 

When at rest, the escapement prevents the carriage from 
moving to the left by means of a rigid finger, or dog, that 
holds a spoked wheel called the starwheel in place. But when 
the universal bar is activated, it causes a part of the 
escapement called the rocker Xo move, bringing the dog out of 
the way of the starwheel. The starwheel is attached to a 
pinion, on which the carriage escapement rack rides. The 
carriage, being pulled to the left by the mainspring, moves, 
the starwheel turns, and then is stopped by another escape¬ 
ment dog. The rocker returns to neutral position, its dog 
holding the starwheel, pinion, and carriage in place until the 
universal bar is activated again. 

The escapement acts so quickly, and contains special 
spring-powered components, that the carriage is allowed to 
travel only the distance of one tooth each time the escape¬ 
ment rocker moves. That's why the width of the space 
between letters is always the same — the distance between 
teeth in the rack is identical to the space required by the type, 
and the escapement permits the carriage to move only one 
tooth at a time. 

As you can see, there are quite a few things happening 
inside a typewriter — each time you press a key. Aside from 
the initial finger tap that activates the keylever, all other 
energy inside a typewriter comes from nothing but springs. In 
this sense, the typewriter is mechanically more akin to a fine 
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THE ESCAPEMENT (Based on Royal) 



When at rest, Dog (A) blocks motion of Starwheel (B) by contact 
with Teeth (C). When Universal Bar is activated, Escapement 
Rocker (D) moves (toward or away from viewer of diagram), mov¬ 
ing Dog (A) from Starwheel, which is permitted to turn. Second 
Dog (E) prevents Starwheel from traveling more than one tooth 
(or one space in the carriage motion as the Carriage Escapement 
Rack rides on a pinion connected to the Starwheel). 

watch than any other kind of mechanism; yet it is far more 
complex than the most elaborate watch, containing many 
times more parts, and undergoing many more different 
actions. 

Moving Parts 

BUT THERE ARE still many other things that go on inside a 
typewriter. In the description of the relationship between the 
keylever and the typebar, we implied that the two are directly 
connected together. This is true with many portables; but in 
most of the office machines, which are larger and whose 
weight is less of a consideration, there is an intermediate link 
between keylever and typebar. This is called an accelerating 
sublever, and it is connected relatively loosely between 
keylever and typebar. When the keylever is depressed, its 
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energy is transmitted to the accelerating subiever, which 
begins to fly forward — the typebar has not begun to move 
yet. However, once the sublever has traveled a certain 
distance and has gained a certain momentum, it engages the 
end of the typebar inside the machine and makes the typebar 
move; in other words, it is really the sublever, rather than the 
keylever, that activates the typebar. 

You are acquainted with the space bar at the front of your 
typewriter's keyboard, and you are well-familiar with its 
purpose of making spaces between words. The way it works 
is really a simplification of the keylever principle. The space 
bar is connected to the universal bar, or directly to the 
escapement. When you tap the space bar, it moves the 
universal bar — just as the keylevers do — or acts directly on 
the escapement. 

You are also acquainted with the carriage release, the lever 
at the side of the carriage which, when pressed, permits the 
carriage to run freely in either direction. This is a simple 
mechanism, since the carriage release lever is connected 
directly to the escapement rack. When you press the carriage 
release, what you are really doing is lifting the escapement 
rack away from the escapement, so that the carriage's travel 
will no longer be inhibited by the escapement — until you let 
go of the carriage release again, when the escapement rack 
will engage the escapement pinion once more. 

The tabulator works on a similar basis: when you press the 
tab key, the escapement rack is moved away from the 
escapement in some designs, or the escapement is held away 
from the rack in other designs, both approaches enabling the 
carriage to run freely to the left in compliance with the pull of 
the mainspring. The only additional component required is 
something to stop the carriage at the desired point. This is 
called the tab stop, and in nearly all typewriter designs since 
the 1 930's the desired tab stop or stops are set by means of 
a key on the keyboard labeled "Tab Set." In most designs, 
the Tab Set key activates a finger or bar at the rear of the 
carriage. When this key is pressed, the finger pushes against 
one of a row of detents, or stops, one detent being included 
for each tooth on the escapement rack; thus you can activate a 
detent for any particular space in the carriage's travel. When 
the finger pushes the detent, the detent protrudes through the 
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When Key is pressed. Universal Bar is moved (in this case by the 
Typebar) and releases Loose Dog which holds Starwheel in place. 
Carriage, whose Escapement Rack rides on pinion of Starwheel, is 
enabled to travel one space before Dog stops Escapement. 


other side where it will come into contact with some non¬ 
moving part of the typewriter. The outcome of it all is that the 
tab key releases the carriage for free travel, while the detent 
stops the carriage at the desired point. 

Electric Typewriters 

MANY OF THE internal workings of electric typewriters are 
similar to those of manuals; the real difference is that they are 
performed by an electric motor instead of by hand. Many 
people are under the impression that the advantage of an 
electric is that it works faster than a manual. This is not true. 
Any modern office manual is capable of operating faster than 
the fastest typist, and this has been true of almost all standard 
office machines since just after the turn of the century. The 
true advantages of the electric include the fact that the 
motorized mechanism produces a more uniform impression of 
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type on the paper — although a skillful typist can do nearly as 
well with a manual. 

The other advantage is that, during the course of a full day's 
work, typing can, surprisingly enough, be tremendously 
fatiguing. Tapping the keys, shifting for capitals, and returning 
the carriage for the beginning of a new line have been proven 
to be major consumers of the typist's energy, resulting in 
tiredness and lack of efficiency. Since the keys of an electric 
do not have to be tapped quite so hard — they really only have 
to be touched — and since shifting and carriage return are 
performed by motor, an electric is less tiring for the operator. 

In mechanical terms, the biggest difference between 
electric and manual typewriters is the relationship between 
the keylever and the typebar. While a manual's keylever is 
directly connected to the typebar (or indirectly connected, 
through the sublever) there is no real positive linkage 
between an electric's key and typebar. Instead, the key 
connects with a cam that is placed in line with the typebar. 
Running across the machine, beneath the row of cams, is the 
power roller; this is a rubber cylinder, not unlike the platen in 
appearance, that rotates continuously once the electric type¬ 
writer is turned on; it is driven by the electric motor. When a 
key is pressed, it brings the cam into contact with the roller. 
The rapidly-spinning roller kicks the cam away, hurling it 
toward the typebar. The cam hits the typebar, and the typebar 
flies toward the printing point. Since the roller spins at a 
constant rate, the cam is kicked toward the typebar with the 
same force no matter how hard the key is pressed, and the 
typebar strikes the paper with an equally uniform pressure; 
this is what accounts for the extremely even appearance of an 
electrically typewritten page. 


PROBLEMS, CAUSES, REPAIRS 

TYPEWRITERS are extremely complex, but that is not the 
same thing as complicated. Their mechanics are logical and 
straightforward; something pushes against something else, 
which causes something to happen. And although there are 
thousands of parts put together into dozens of assemblies, 
there is a considerable amount of repetition in a typewriter's 
construction. Most typewriters have, for exarhple, about 42 
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Keylever presses down on Cam; Cam contacts Power Roller; 
Power Roller kicks Cam away, pulling Bellcrank; Bellcrank moves 
Typebar. 


keys; this also means 42 keylevers, 42 typebars, and 42 
sublevers when the particular machine is thus equipped. All 
of these are secured to the frame of the machine, and 
connected with one another, in a similar fashion. Because of 
these factors, there are certain kinds of repairs you may be 
able to make yourself. 

In describing these repairs, we will emphasize the manual 
typewriter rather than the electric. Because electric type¬ 
writers are motorized, there is a greater number of areas that 
require the services of a professional typewriter mechanic. 

Maintenance and Preventive Maintenance 

BEFORE WE DEAL with the few how-to-fix-its that you can 
perform on a typewriter yourself, we should consider the 
measures you can take to prolong the life of your machine and 
keep servicing to a minimum. 
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MANUAL TYPEWRITER TYPEBAR MECHANISM 
WITH SUBLEVER (Based on the Woodstock) 


To Escapement 



When Key (A) is pressed, entire Keylever lowers at Key end, 
thrusting Peg (B) into notch in Sublever (C). Sublever accumulates 
motion, but does not move Typebar (E) until slack In (D) is 
eventually taken up. Continued movement of Sublever finally 
pulls Typebar (E) against platen to print. 


First and foremost, keep the typewriter clean. Dust is the 
enemy of all machinery, but it can be especially vexing in a . 
typewriter. The hundreds of individual joints and linkages in , 
the mechanism are all made to exacting tolerances; an ■ 
accumulation of dust can cause a sluggish action and 
displeasing performance — and very often it is harder to get 
foreign matter out of the typewriter than it is for it to get in. 
Portable typewriters come with cases; and if your office 
machine does not have a plastic dust cover, you can and 
should buy one for a few cents at a stationer's or typewriter 
dealer's. Cover the machine between uses. 

Lubrication 

LUBRICATION, of course, is essential to any machine. You 
should oil your typewriter periodically -- at least every six 
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SPACE BAR THAT ACTIVATES ESCAPEMENT 
DIRECTLY (Based on Royal) 



months, or sooner if any part of the mechanism squeaks, does 
ot operate smoothly, or grows sluggish — using a non- 
umming light machine oil, or the typewriter oil sold by 
^pewriter dealers. Before putting oil into any part of the 
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mechanism, you should clean that part thoroughly; if o 
comes into contact with dust, a gum will likely form and mak 
the problem even worse than before, and cleaning wi 
become more difficult. An excellent cleaning fluid for th 
mechanism of typewriters is Tri-Chloro Ethylene; it break 
down gum and sludge, evaporates almost instantly, an 
leaves the metal bone dry. Liberal applications of this fluid ar 
an excellent means to wash out a dirty typewriter mechanist 
(don't let it get on any plastic parts, or on the typewriter' 
finish, which it can dissolve!) but oiling is essential immed 
ately afterward at all moving contact points in the machine 
because of the fluid's extreme drying properties. 

The locations for periodic oiling are usually indicated i 
your typewriter's instructions. In general, they include: tb 
comb segment in each typebar slot; the ribbon vibrator 
where it comes into contact with the type-guide block (th' 
notched component at the printing point upon which tb 
vibrator rides); the carriage races, the keylevers, at the rea 
underside of the machine, where they enter the typewriter' 
frame; and all points of contact between moving parts in tb 
escapement. There are other parts of the mechanism that cai 
benefit from periodic lubrication, but these are the essentia 
ones. You should use very, very little oil at each point yoi 
lubricate — a tiny drop on the end of a pin is all you need fo 
most of the points listed — since too much oil is as bad a: 
none at all. Immediately after applying the oil to each point 
operate the moving part a few times to let the oil work in; i 
you delay in doing this, the oil may run off the part that need: 
it and your effort will have been wasted. It takes about a hal 
hour to carefully lubricate the essential points in a typewriter 
and it can be dull work. However, it usually is necessary onh 
twice a year, and the dividend is a typewriter that contin 
uously operates at its best. 

The platen is another part you should give some consid 
eration. After heavy use it will become scored, resulting ir 
uneven-looking typing. But even if you don't use you 
typewriter that often, you should expect to have the plater 
resurfaced with new rubber every few years. In time, the 
rubber dries and hardens, and this is the source of man^ 
troubles. The machine becomes noisier as the typebars slaf 
against the hard surface; ribbons wear out prematurely, anc 
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can even be torn by the repeated battering of type on one side 
and the unyielding surface on the other; a hard platen can 
cause the type to punch holes through the paper (especially 
the e, q, o, p, a, c, and period); and, of course, the type itself 
will wear out more quickly as it pounds against the hard 
surface. If you do not follow a regular schedule of platen re¬ 
covering, the way to tell it is time for one is the appearance of 
any of these symptoms. If the platen looks shiny (instead of 
being matte or dull) you can be certain that it needs re¬ 
covering. 

Some typewriter owners have been known to sandpaper the 
grooves off a platen that has become scored by heavy use, but 
this is not a recommended practice at all. First, it will not 
make a hardened platen soft — and that is the biggest source 
of platen troubles. Second, the platen should have an exact, 
pre-specified diameter. The reason for this is that the types 
cast upon the type heads are slightly concave, so that they 
will correctly fit the curve of the cylindrical platen; if you 
change the diameter of the platen by sanding it down, the 
type will no longer fit properly and you may get letters that are 
lighter at the tops and bottoms than in the centers. 

The cost for resurfacing a platen with new rubber can vary, 
out usually it is between $5-$10. The least expensive 
typewriters to re-cover are those that have removable platens 
— nearly all office machines, and a good number of portables 
are built so that the platen can be snapped right out — since 
/ou can bring the platen alone to the typewriter dealer, and he 
does not have to charge you for the labor in removing the 
olaten. Typewriters with non-removable platens will cost a bit 
more, since the dealer has to disassemble some of the 
carriage components to get the platen out. 

Whenever your typewriter is to go unused for a long period 
of time, it is a good idea to move the paper-release lever into 
"open” position, moving the feed rollers away from the 
platen. If the typewriter is allowed to sit for a long time with 
the feed rollers in contact with the platen under full pressure, 
it is possible that the sides of the rollers that contact the 
platen may become flattened. This can result in uneven line¬ 
spacing or wrinkling of the paper. 

If you observe these points on maintenance and preventive 
maintenance, your typevyriter is bound to give you good 
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service for meny yeers. The proof of this is the number o 
really old typewriters that are still perfectly capable of a fine 
job. It is not at all uncommon to find a typewriter 20 or 3C 
years old that still performs excellently (how many 20 or 30 
year-old automobiles, television sets, dishwashers, toasters, 
or lawnmowers can you find that work so well?). And the fact 
is that there are typewriters 60 and 70 years old that work 
nearly as well as new machines, simply because they were 
kept clean, lubricated regularly, and treated with the respeci 
due any fine instrument. 

Operating Problems — Drawband 

BUT ANOTHER FACT is that typewriters do get out of order 
It is rare for this to happen in the course of a typewriter’s 
normal working life (unless it's a cheap machine whose parts 
are poorly made from second-rate materials) since the art ol 
typewriter construction was perfected long ago, and the 
machines are built to last. 

The drawband is one of the more likely objects o' 
malfunction. Although made of strong material and well- 
fastened to both the mainspring and the carriage, it is undei 
constant tension and is obliged to move back and forth in the 
course of doing its duty. It can work loose from mainspring of 
carriage, or it can break. If this happens while you are typing, 
you II know it because you'll hear the whirr and clatter of the 
mainspring as it spontaneously uncoils, and then the carriage 
will fail to respond to the keys or the space bar. If it happens 
when you're away from the typewriter (a much less likely 
proposition) you'll simply discover that the carriage does not 
move when you strike the keys; to confirm that the problem is 
the drawband, and not some other damage to the carriage 
itself, depress the carriage release lever and gently try 
running the carriage back and forth. If the carriage moves 
freely, the problem is probably the drawband. To make 
certain, inspect the mainspring — you'll have no difficulty 
determining if it's disconnected. 

If you need a new drawband, write down all the information 
about your typewriter — brand name, model designation, 
serial number — and present this to a typewriter dealer; not 
all dealers stock these parts, nor are all willing to sell them, 
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but you're sure to find one who has what you need or, barring 
that, you can probably order the drawband from the manufac¬ 
turer or distributor of your make of typewriter. 

Installing a new drawband, or reconnecting an existing one 
that has slipped out of place, is neither a difficult job nor is it 
one that should take more than a few minutes. The first step 
is to locate the part of the carriage to which the drawband 
connects; this will be somewhere at the bottom of the 
carriage, at its right end as you face the machine from the 
keyboard, or the left end of the carriage as you face the 
machine from the rear (you will probably find it more 
convenient to work on the drawband from the rear of the 
machine). On most typewriters the drawband connects with a 
peg or a hook on the carriage, although some drawbands are 
screwed to the carriage. 

Turn the mainspring until you find the place where the 
drawband connects; this is often in the form of an oblong hole 
in the mainspring housing that receives a finger attached to 
the drawband, although here, too, the drawband sometimes is 
screwed down. Before attempting to connect the drawband in 
earnest, practice connecting the drawband to the mainspring 
so you'll know exactly what to do when the time comes. 

Always connect the drawband to the carriage first — if you 
try connecting it to the mainspring first you won't get 
anywhere. But before actually affixing it to the carriage, it's a 
good idea to place the drawband in its working position 
between carriage and mainspring. In most typewriters it runs 
beneath the carriage, but you can determine this by standing 
the typewriter on its side opposite the side to which the 
drawband connects, aligning your eye directly above the 
drawband's carriage connection, and looking straight down to 
the other end of the carriage; the straight line of your sight 
follows the path of the drawband, since drawbands always go 
straight from carriage to mainspring. Now dangle the draw- 
band over its path, and carefully lower it down toward the 
mainspring, taking care not to let it get hung-up on any parts 
or protrusions on the way. When the drawband emerges from 
the far side of the carriage, grasp it and either hang on to it or 
temporarily fasten it to some convenient part of that end of 
the carriage, so it won't ride up while you are attaching it to 
the near end of the carriage. Once the drawband is firmly 
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attached to the carriage, take the typewriter off its side and 
stand it in normal operating position, with the carriage drawn 
back far enough to give you clear access to the mainspring. 

Before you connect the drawband to the mainspring, you 
must wind the mainspring up. First thing to do is determine 
which way you must turn the mainspring to wind it — usually 
it's counterclockwise as you face the rear of the machine. 
With your fingertips, you simply start turning the mainspring 
in the proper direction — but how many times do you turn it? 
This can vary from one make or style of typewriter to another, 
but a good starting place is from four to seven complete 
revolutions of the mainspring drum — the lower number for 
small machines, the higher number for the big office models. 
Be mindful that, as you turn the mainspring, it will want to 
unwind in the opposite direction; you will probably want to 
wind it with one hand while preventing it from uncoiling with 
the other. Once you've wound the mainspring as much as you 
want to, attach the drawband to it; this will take a little care 
since the mainspring still wants to unwind, which is why we 
suggested earlier that you practice attaching the band to the 
spring to learn what to do before you have to fight the spring's 
tension. 

Now do some typing, and see if the mainspring has been 
wound to the tension that best suits you; the time to be most 
watchful is when the carriage reaches the end of the line, 
because it is here that the mainspring has the least tension. If 
the carriage moves too forcefully, slamming from space to 
space, you've wound the mainspring too far — you should 
disconnect the drawband and let the mainspring unwind one 
or two revolutions. If the carriage seems slow and lazy, 
particularly at the end of the line, the mainspring should be 
wound another revolution or two, and, possibly, another one 
or two revolutions after that if you're still not satisfied. Under 
no circumstances should the mainspring be wound to its very' 
limit. This will probably damage the mainspring; and it's 
guaranteed that the carriage will move too fast, possibly even 
walking the entire typewriter across your desk as you type. 

Electric Typewriters 


MANY OF THE components of electric typewriters are similar 
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to those of manuals, but many are also significantly different. 
The paper feed, the carriage support system, the typebars and 
comb segment, and several others have remained consistent 
between electric and manual typewriters; the suggestions 
presented here on preventive maintenance and minor repairs 
are as applicable to electric machines as they are to manuals. 

However, the motorized components of an electric add new 
considerations — parts that are less simple to repair unless 
you have had formal training in electric typewriter mechanics. 
The majority of electric-typewriter breakdowns come from the 
power source (the motor) or its allied components — belts, 
the power roller, etc. It is not such an easy matter to trace the 
source of a problem in an electric as it is in a manual, where 
one part so clearly leads to another. A greater amount of 
disassembly may be required in an electric, and this is work 
best left to the experts. 
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W HEN YOU START your car, put the transmission into’j 
gear, release the brakes, and begin to move, you are ' 
setting into motion the most significant social de- j 
velopment of the 20th century. No other invention of ^ 
this century has had a greater impact on mankind. j 

Despite this, comparatively few people know how their cars 
work. Most of us figure that we own an overly complicated ■ 
machine that only an expert can understand. Nonsense! 

There is no great mystery involved. Basically, a car is a ^ 
simple conveyance made up of a few major components 1 
which work together toward one end: to get you where you 
want to go. These components are: engine, transmission, and ^ 
differential (or rear end). To begin, we will put things into j 
perspective by explaining what each of these does and how ( 
they work together in that common effort. , 

The Basic Components 

ENGINE — The engine produces the power that eventually | 
propels the car. Without the engine, your vehicle would be no , 
more use to you than a wagon without a horse. ' 

The power that an automobile engine puts out is rotating l 
power. The technical term for it is "torque.” It is turning « 
effort, and every part of an engine — whether it moves up and 
down, or around, or in and out — has but one purpose: to 
produce enough torque to turn a long shaft called a crankshaft 
which, in turn, allows a large gear called a flywheel to turn. 
The flywheel is located at the output end of the engine and is 
connected to the next major component, the transmission. 
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TRANSMISSION — The transmission does exactly what its ^ 
name implies: it transmits engine power. The engine cannot ' 
transmit its own power. It needs an intermediary for several 
reasons. 

First of all, if the engine were forced to start while under 
the resistance imposed by the gears needed to turn the car's 
drive wheels, it would never get going. It just could not 
overcome the drag. The transmission provides the means of 
separating (decoupling) the engine from the drag so the 
engine can get started. 

This is what happens when you place the transmission 
selector level in Neutral (or Park) in preparation for starting — 
the engine is actually separated from the rest of the 
components needed to move the car. 

The transmission, through a series of different size gears, 
allows the engine to assume the load gradually so drag does • 
not cause it to stop running (stall). The transmission also 
permits the car to move backwards. Without the transmission, . 
the car could move forward only since the flywheel rotates in 
one direction. 

Rotary motion (torque) goes into the transmission from the - 
engine and rotary motion leaves the transmission. The parts 
inside a transmission have the job of turning a shaft at the 
output end of the unit. This shaft, understandably, is called an 
output shaft. To it is attached a pretty long, strong tube called 
a propeller (or drive) shaft. Rotary motion provided by the ^ 
engine flywheel, which is transferred to the transmission 
output shaft, ends up turning the propeller shaft. This torque 
is then sent back to the next major component, which is the . 
differential. 

DIFFERENTIAL — Inside the differential (or rear end) are 
gears that divide rotary motion in two. What happens is this: ! 

As the propeller shaft turns, it transmits its power to the ' 
differential input shaft. The shaft has a geared end. In turning, 
it causes a set of gears on both sides of it to turn also. These 
gears, in turn, cause shafts (called axles) to turn. The axles j 
have wheels and tires connected to them. Because axles turn, ’ 
wheels and tires turn, and the car moves. 

What we have discussed is the common rear-wheel driven 
vehicle. Some cars, such as Oldsmobile Toronado, Fiat 128 
and Volkswagen Dasher, are driven by the front wheels. The 
transmission and differential are located in the front of the 
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car, usually right beneath the engine. A few vehicles are even 
driven by all four wheels for maximum traction. Jeep and 
Scout are popular four-wheel drive cars. 

In simple terms, then, this is the way in which a typical car 
works. However, in order to appreciate fully this marvel of the 
20th century, it is necessary to delve further, especially to 
get an understanding of what can go wrong, how to help 
prevent problems, and how to handle a problem when it does 
arise. 

What follows, then, is a discussion of the major systems of 
the family car. 

Engine Operation; Fuel, Spark & Compression 

LARGE, multi-faceted automobile engines and small, simple 
chain saw engines have much in common. To run, both need 
fuel, spark for igniting the fuel and compression. Two alone 
won't do. All three must be present. 

The difference between auto engines and chain saw 
engines is the way in which the three operations are 
accomplished. A chain saw is a two-stroke engine. An 
automobile engine is a four-stroke engine. 

This means that the four processes involved in internal 
combustion in each cylinder of the engine take place over a 
series of four up-and-down strokes of the piston in that 
cylinder. These four processes are intake of fuel, compression 
of fuel, ignition of fuel (the power stroke) and exhaustion of 
waste gases. 

The power stroke of a four-stroke internal combustion 
gasoline engine, then, occurs every other revolution of the 
crankshaft. 

The crankshaft? That is what the operation is all about. All 
the pistons of an automobile engine (depending on the 
engine, it could be four, six or eight pistons) are attached by 
so-called connecting rods to a shaft that extends the length of* 
the engine. This shaft is the crankshaft. 

Each piston moves up and down in synchronization with 
other pistons to provide connecting rods with reciprocating 
motion, which turns the crankshaft. The rotary motion 
provided by the crankshaft is transferred to the flywheel, to 
the transmission, to the propeller shaft and on to the wheels 
and tires. 
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Only one of the four strokes occurring inside a cylinder 
during a complete cycle is a power stroke. The other three 
strokes result from the tremendous surge of power produced 
during this power (ignition) stroke. 

All told, each piston in a typical engine goes through twenty 
complete cycles of four strokes each in one second if you are 
driving the car at sixty miles an hour. This allows the 
crankshaft to revolve approximately 2500 times per minute. ' 

Now, before explaining exactly what happens in a cylinder : 
during each phase of the four-stroke operation, we must go 
into the workings of the valve assembly. The assembly for 
each cylinder consists of one intake valve and one exhaust 
valve, and rods and parts needed to make them move. 

The actual moving force is a long shaft, which, like the 
crankshaft, extends the length of the engine. However, it is 
smaller in diameter than the crankshaft and is interrupted over 
its length by devices that have peaked (high) spots. These 
devices are called cams, and, not too surprisingly, the shaft is 
called a camshaft. ^ 

The camshaft rotates, because the crankshaft rotates. What 
we mean is this: both the front of the crankshaft and camshaft 
have gears. These gears are connected together by a thick 
link-type chain called a timing chain. As the crankshaft is 
turned by the pistons, it turns the camshaft via this timing ; 
chain. 

Each valve has its own individual cam. Thus, in an eight- 
cylinder engine you will find at least 1 6 cams on the camshaft 
to operate the 16 valves. In a six-cylinder engine, there would ‘ 
be at least 12 cams for the 12 valves. And in a four-cylinder 
engine, you would have at least eight cams for the eight . 
valves. 

As a cam rotates to bring its high spot up under another 
surface, it raises that surface. 

In the case of a typical valve, the valve is opened and ' 
closed by its cam through an "extension" rod assembly. As 
the high spot of the cam comes beneath the far end of this rod 
assembly — the "end” is called a valve lifter — it pushes up. 

A long rod (called a push rod) extends from the valve lifter to 
move a connecting device called a rocker arm. The valve stem 
is connected to the other end of the rocker arm, and obviously 
the valve stem is attached to the valve face. 
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The rocker arm "rocks" back and forth, lifting the valve off 
the port of the cylinder and allowing it to settle back down 
over the port in relation to cam position. 

Now, here is vvhat happens during the four strokes of a 
complete cycle inside each cylinder of a four-stroke internal 
combustion engine: 

1. Intake stroke. The piston starts down from the very top 
of the cylinder. The exhaust valve's rod assembly is on the 
"flat" of its cam; hence, the exhaust valve is closed. The 
intake valve's rod assembly is on the "high" point of its cam; 
hence, the intake valve is open. As the piston starts 
downward, a vacuum (sucking-in action) is created in the 
cylinder through the port left open by the intake valve. 

2. Compression stroke. The piston has reached the bottom 
of the cylinder and is on its upward stroke, pushing hard 
against the fuel mixture that has been taken into the cylinder. 
Both valve rod assemblies are on the "flats" of their 
respective cams; hence, both valves are closed. As the piston 
pushes higher and higher, it compresses the fuel mixture to 
an eighth of its original volume. 

3. Ignition stroke. When the piston is at or nearly at (or, in 
some engines, just past) the top of the cylinder, a spark is 
emitted from the tip of a spark plug. The tip of the spark plug 
extends right inside the cylinder. This spark ignites the 
compressed fuel mixture, which expands rapidly to exert a 
tremendous amount of pressure over the entire head of the 
piston. Note that the fuel mixture does not explode — it burns 
smoothly, spreading its force outward like ripples over water. 
The valve rod assemblies are still on the flats of their cams, 
so both valves are still closed. 

The tremendous amount of force resulting from ignition 
causes the piston to be pushed down rapidly and with 
overwhelming force to turn the crankshaft. Notice that the 
ignition stroke is the only power-producing stroke of the four- 
stroke cycle. Piston movement occurring during the other 
three strokes results because of the crankshaft rotation that 
happens during the power stroke. 

4. Exhaust stroke. The piston has been shoved to the 
bottom of the cylinder by expanding gases and is moving up 
again. The exhaust valve's rod assembly is on the "high" 
point of its cam; hence, the exhaust valve is open. The intake 
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valve remains closed. As the piston moves up, it forces waste 
gases resulting from combustion of fuel out through the 
uncovered exhaust port. When the piston reaches the top of 
the cylinder, the exhaust valve has again closed and the 
intake valve has opened. The intake stroke is about to start 
once more. 

The Care and Feeding of Engines 

ONE ABSOLUTE requirement of an engine is proper lubrica¬ 
tion. Lubrication is provided by motor oil, pumped through the 
engine to lubricate moving parts. This reduces friction that 
would cause rapid wear and overheating of parts. If parts get 
too hot, they would literally weld themselves together, 
seizing the engine. Keep in mind that combustion tempera¬ 
tures exceed 4000° F. 

Oil is pumped from a reservoir called an oil pan (or sump) by 
an oil pump. It passes through a filter, which prevents dirt and 
contaminants from being transferred to the interior of the 
engine where they could abrade parts. After lubricating critical 
parts, oil drips back into the oil pan. 

One demand an engine makes on you as the car owner is 
that you keep it filled with an adequate amount of dean oil of 
the proper type for the engine (oils differ as engines differ). It 
is also very important to replace the oil filter periodically. 

Instructions on frequency of changing oil and oil filter, and . 
what type of oil to use in your engine, are provided in the 
owner's manual that comes with your automobile. 

Important: If you are going to give an engine the care it | 
needs, you should have this owner's manual. If you have lost ' 
it, secure another by writing the Technical Publications 
Department of the manufacturer of the vehicle; be sure to 
include the model and year of the vehicle. * 

ENGINE: PROBLEMS, CAUSES, REPAIRS - 

NOTE: In these troubleshooting charts, the "Repairs" | 
are followed by a number. If'the number is 1 , . 

it means that the repair can be handled* by a | 

completely inexperienced person. If the num¬ 
ber is 2 , it means that a moderately experienc- i 
ed owner can handle it with ordinary tools. A i 

344 CONSUMER GUIDE : 



Automobiles 

number 3 means that only an experienced 
mechanic with specialized tools should make 
the repair. 


Problem: Valve leakage: discovered by compression 
test (a test done with a gauge to determine if compres¬ 
sion meets engine needs) 

Possible Cause Repairs 

Leaky valve seals; carbon Grind valves and valve 

on valves; valve part wear seats, replace springs, 

seals and parts as needed. 

Problem: Noisy valve lifters; discovered by clicking 
noise coming from engine and engine "miss” 

Possible Cause Repair 3 

Loss of oil (most valve Replace, 
lifters are hydraulic); dirt 
causes sticking 

Problem: Loose or leaking valve cover gasket; dis¬ 
covered by loss of oil (oil spreads over outside of 
engine) 


Possible Cause Repair 3 

Loose cover or damaged Tighten cover; replace 

valve cover gasket gasket if leak prevails. 


Problem; Worn piston rings and/or engine bear¬ 
ings; discovered by loss of compression; noise 


Possible Cause 
Oil pump failure; overload¬ 
ing engine (driver fault); 
normal wear after many, 
many thousands of miles 


Repair 3 

Replace parts. Problem 
can be put off with proper 
changes of motor oil, oil 
filter and air cleaner (fil¬ 
ter). 


Where Does the Fuel Come From? 

FUEL COMES, of course, from the fuel tank, but also from the 
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air. The fuel mixture burned in the cylinders is composed of 
approximately 1 5 parts of air to one part of gasoline. If fuel 
contained too much gas and not enough air, it would not burn. 
Similarly, if it contained too much air and not enough gas, it 
would not burn. 

The typical route that gasoline follows is from the fuel tank 
to the fuel pump to the carburetor to the intake manifold to 
the cylinders. The typical route that air travels is from the 
outside through the radiator to beneath the hood, into the 
carburetor through the air cleaner where it mixes with gas, 
and on to the cylinders. Both gasoline and air are cleaned by 
filters before reaching the carburetor. 

The heart of the fuel system is the fuel pump. Most pumps 
are mechanically driven by the camshaft. An arm on the pump 
rides on a cam. As the camshaft rotates, the arm is activated, 
causing a diaphragm inside the pump to pulsate. 

As the diaphragm rises, it creates a partial vacuum that 
pulls gasoline from the fuel tank through a fuel line into the 
fuel pump. As the diaphragm falls, gasoline is pushed through 
a small one-way valve through the fuel pump and into another 
fuel line that goes to the carburetor. 

Fuel enters the carburetor fuel bowl. The bowl is a holding 
tank where gas is kept until it is needed by the engine. Gas 
gets from the carburetor to the engine because of the vacuum 
created by the up-and-down strokes of pistons. It literally 
pulls the gas. 

The amount of gas allowed to enter the bowl is dictated by 
the float assembly, which is similar to the plumbing in your 
home's toilet bowl. As more gas is needed, the level falls and 
the float drops, pulling a valve (called a needle valve) off an 
inlet seat and allowing gasoline to flow. As the need for gas 
declines, as it would, comparatively speaking, when the 
engine idles or is running at a slower speed, gas that fills the 
bowl causes the float to rise, which pushes the needle valve 
on the inlet seat and shuts off gasoline flow. 

Gasoline is pulled into the body of the carburetor at a 
narrow point, called the venturi, where it mixes with air that is 
coming down from above it. Air, too, is taken in because of 
the pull of engine vacuum. Gasoline and air mix together. 

The air has been filtered through a filter element in the 
carburetor air cleaner, which is the large usually-black-painted 
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container that sits in the middle of the engine. Air must be 
filtered to prevent airborn dust from entering the engine 
where it would damage engine parts. 

Gasoline, too, is filtered before it enters the carburetor, to 
keep impurities from lodging and blocking the flow of gasoline 
and also from entering the engine. Gasoline that comes from 
the pump at your local gasoline station is not always pure. 

The gas-air mixture is pulled from the carburetor into the 
intake manifold. The intake manifold is nothing more than a 
distribution device through which the fuel mixture is parceled 
to each cylinder. 

How to Care for a Fuel System 

FUEL SYSTEM maintenance involves the following (identified 
by numbers: 1 for an inexperienced owner; 2 for a moderately 
experienced do-it-yourselfer; 3 for an experienced technician 
with special tools): 

1. Replacing (or cleaning) the carburetor air cleaner filter as 
often as the manufacturer, suggests (consult your owner's 
manual). 1 

2. Replacing (or cleaning) the gasoline filter as often as the 
manufacturer suggests. 1 

3. Cleaning dirt off carburetor linkages and external pivoting 
points. Linkages are rods that control certain carburetor 
actions, such as choking action needed to start a cold engine. 
When an engine is cold, it needs a greater concentration of 
gasoline (less air) to start than it needs when warm. To 
provide this, in most cars a plate automatically closes over the 
top part of the carburetor to block off air flow. As the engine 
warms up, a thermostatic spring releases tension on the plate 
and allows the plate to open. Dirt on the linkage that controls 
choke action and/or dirt on choke plate pivot points may 
cause faulty choking, which would lead to hard starting, and 
stalling, in cold weather. 1 

4. Having the carburetor adjusted periodically to com¬ 
pensate for wear and loss of adjustments that affect the flow 
of fuel mixture under various engine speed conditions. For 
example, the engine is designed to idle most efficiently at a 
certain speed — say, 600 revolutions per minute, but this 
varies from engine to engine ( your engine's actual idling 
speed usually can be ascertained by consulting the owner's 
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manual). Engine idling speed is controlled by the amount of 
gasoline which is allowed to enter the carburetor idling circuit 
that feeds gas to the engine. If the idling circuit's adjustment 
screw has worn or has lost calibration, idle speed would be 
thrown out of synchronization. This can cause a speed-up in 
engine speed at idle and a waste of gasoline. 2, 3 


FUEL SYSTEM: PROBLEMS, CAUSES, REPAIRS 


NOTE: Rated for difficulty by number, 1 being the 
simplest; 3 being the most complex. 

Problem: Engine will not start 


Possible Cause Repair 2 

Fuel pump failure Test; replace if faulty. 

Problem: Engine hard to start: stalls 


Possible Cause Repair 1 

Clogged fuel filter Replace filter. 

Problem: Engine stalling, missing, rough idling, 
flooding, hard to start; excessive gas consumption 


Possible Cause 
Carburetor dirty and/or 
parts worn 

Problem: Engine hard to 
excessive gas 

Possible Cause 
Clogged carburetor air fil¬ 
ter 

Problem: Engine misses 

Possible Cause 
Defective cables 
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Repair 3 

Disassemble, clean and 
overhaul; or replace. 

start, stalling; consuming 


Repair 1 
Replace filter. 


Repair 2 

Test —replace if faulty. 
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Where Does the Spark Come From? 


THE SPARK that ignites the fuel mixture in the cylinders 
comes from the car's ignition system, which consists primar¬ 
ily of a coil, distributor, spark plugs, and interconnecting wire 
and cables. Technically, the ignition circuit is broken into two 
circuits: primary and secondary. 

The purpose of the primary circuit is to carry a charge of 
comparatively low voltage (12 volts) provided by the battery 
or alternator through the coil and to the distributor when a set 
of contact points inside the distributor is closed. 

When points are closed, the current is permitted to flow by 
way of the distributor to ground on the vehicle frame (usually) 
and then back to the battery. This completes the primary 
circuit. 

But when the points open, current does not flow to the 
distributor points. Instead, it is amplified in the coil about 
2000 times, which transforms the original 12 volts into more 
than 25,000 volts. This voltage is sent from the coil to a part 
called the rotor, which sits on the distributor shaft beneath 
the distributor cap. 

The rotor turns 360°, providing the current to each spark 
plug through contact points in the distributor cap. In other 
words, the metal contact of the rotor touches each metal 
contact in the cap to transfer current from the rotor to the cap. 
The distributor cap contacts and spark plugs are connected to 
each other by means of high tension cables. 

The most important function of the ignition system, other 
than actually producing the high voltage required to ignite the 
fuel mixture, is to deliver that voltage to each spark plug, and 
thus to each cylinder, at the right time. If this timing is off, 
such problems as missing and excessive fuel consumption 
can result. The actual timing is controlled by rotor rotation, of 
the distributor shaft. 

The rotor, as we said, sits on the top of the shaft. The shaft 
is turned by the engine camshaft. If timing is not properly 
adjusted, a readjustment can be made by turning the 
distributor so the shaft is brought back into proper relationship 
with the rotor, and the rotor is brought back into proper 
relationship with distributor cap contacts, and hence with 
spark plugs. 
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How to Care for an Ignition System 

IGNITION SYSTEM maintenance involves the following (rated 
for difficulty by numbers ranging from 1 for easiest, to 3 for 
maintenance requiring specialized training or tools); 

1. Replace spark plugs periodically (the average life of 
plugs is considered to be about 12,000 miles). Plugs wear 
out, causing an interruption in the flow of current to the fuel 
mixture in the cylinder. When electrodes at the tip of spark 
plugs are worn, the voltage needed to fire the fuel mixture 
cannot jump the space (gap) between electrodes. Misfire 
results, and fuel that otherwise would have been burned is 
expelled through the exhaust cycle and wasted. 1 

2. Clean and gap (or replace) distributor contact points 
when they become worn. The contact points are a switch. 
Inadequate contact point performance means that switch 
failure has resulted. If a switch in a room of your home fails, 
the lights cannot be turned on and off. If distributor contacts 
wear out and the space (gap) between them becomes too 
large, current cannot be delivered. The engine will not run. 2 

3. Time the delivery of the spark. If timing goes out of 
adjustment, as it generally does within 12,000 miles or so, 
the problems mentioned above would occur. One indication of 
the need for timing adjustment is a "pinging" sound from the 
engine, especially on a pull, such as driving up a hill. 2, 3 

4. Replace high tension (spark plug) cables periodically. If 
cables become brittle and crack, loss of current would result 
which would cause the engine to malfunction and fuel to be 
wasted. 2, 3 

What Can Go Wrong with the Ignition System 

THE FOLLOWING are some of the more common problems 
that can affect your car's ignition system and what you must 
do to overcome them: '* 


IGNITION SYSTEM: PROBLEMS, CAUSES, REPAIRS 

NOTE: Rated from easy to repair 1 to complex and re¬ 
quiring a specialist 3 . 
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Problem: Loss of engine power; loss of gas mileage 

Possible Cause Repair 2 

Worn distributor contact Replace (useful life is 

points about 12,000 miles). Al¬ 

so replace point condens¬ 
er, which absorbs surges 
of electricity from point 
operation. It is likely to be 
near the end of its useful 
life. 

Problem: Engine will not start 

Possible Cause Repair 2 

Damaged distributor cap Clean off contacts and 

clean out terminals. If con¬ 
tacts are badly burned or 
cap is cracked, replace. 

Problem: Engine will not start 

Possible Cause Repair 2 

Burned out coil Test — replace if faulty. 

The Electrical Units 

A CAR'S ignition system will not work without electricity. 
Neither will a car's lights, horn, radio, gauges, etc. 

Units that provide electricity are the battery and alternator. 
The starter motor also will be considered here as part of the 
electrical system, because it does create electricity and works 
hand-in-hand with the battery to start the engine. 

The battery — more aptly, the storage battery — is a 
component that stores chemical energy and converts it to 
electrical energy when electricity is needed. It has one 
primary purpose: to provide the electricity needed to activate 
the starter motor and thus to start the engine. 

Once the engine starts, the production of electricity is 
assumed by the alternator. In other words, once the engine is 
running, the battery is no longer needed. 
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The battery consists of layers of negative and positive lead 
plates. The catalyst that permits interaction between negative 
and positive plates is electrolyte, which is an electricity¬ 
conducting fluid composed of water and sulphuric acid. The 
battery is kept in a charged condition by the alternator. 

Follow the progression: electricity fed to it by the alternator 
is stored by the battery through the medium of electrolyte. 
This is chemical energy. Electrolyte acting on a series of 
negative and positive charged lead plates results in the 
conversion of chemical energy to electrical energy, which is 
sent on to the starter motor (and which, incidentally, is also 
used to operate electrical components — lights, radio, heater, 
etc. — when the alternator is not in operation). 

As a battery remains in use, lead sulphate particles from the 
plates flake off and start building up in the battery case. When 
these particles reach a plate and touch it, a short circuit 
results. This is what happens when a cell shorts out. The 
battery at this point is on its last legs. 

There is no way'to prevent shorts, but there is a way of 
delaying them. There is also a way of preventing the battery 
from self-discharging. 

Self-discharging is what the name implies — the battery 
creates a substance (electrolyte salts, which result from 
vapors given off by the electrolyte) that combines with dirt on 
the battery case. This provides a conductive path which saps 
energy from the battery. It can discharge itself. 

Ways of preventing self-discharging and of delaying short 
circuits are discussed in the section on maintenance. 

Alternator 

THE ALTERNATOR is a generator of electricity — more 
technically, its name is alternating-current (AC) generator. 
After the engine is started by the battery and starter motor, 
the alternator is driven by the car's drive belt. The alternator 
rotor, which is similar to an armature in other types of electric 
motors, interacts with a stator, which does the work that the 
field coils do in other types of electric motors, to produce 
alternating current. 

This alternating current — alternating current is current that 
changes direction — must now be channeled to the com¬ 
ponents that need it. This is the task of the diodes in the 
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alternator. These are pick-up devices that act like valves. ' 
They accept the alternating current and direct it to the car's 
electrical components. They are, in essence, devices that 
convert alternating current to direct current. 

An alternator running at high speed can produce too much 
electricity. Excess current will cause electrical components to 
burn out, and will cause the battery to overcharge. An 
overcharged battery will short out rapidly. 

To keep this from happening, some sort of device is needed 
to act as a traffic cop on the alternator. This device, not 
surprisingly, is called a regulator. 

Regulator 

WHEN MORE electricity is called for by the car's electrical 
units, the regulator, through a set of contact points, allows it 
to pass. When electricity is not needed, the regulator holds 
the alternator back. 

As we said, the alternator converts mechanical energy 
(remember: it works only when its shaft is turning — this is 
mechanical energy) to electrical energy. Conversely, the 
starter motor converts electrical energy to mechanical energy. 
This is how it works: 

When you turn on the ignition key, you send a small charge 
of electricity from the battery to a device on top of the starter 
called a solenoid. A solenoid is a "plunger" type affair. A 
magnetic field is established that jerks the starter drive, on 
the end of the starter motor, into mesh with the engine's 
flywheel. 

You may remember that at the beginning of this chapter we 
mentioned that the flywheel is a large geared wheel on the 
output end of the crankshaft. 

The starter drive has a gear called a pinion gear that meshes 
with the geared flywheel when the solenoid is activated. 

At the same time as the gears mesh, electricity from the 
battery flows to the starter motor. The starter motor is a direct 
current electric motor that is like the motor used in such 
appliances and power tools as food mixers, drills, and circular 
saws. It has an armature and field circuit, and when electricity 
is introduced a magnetic field is established that allows the 
armature to revolve inside the field at tremendous speed and 
with great force. 

You can see what happens. The armature turns the starter 
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drive pinion. The pinion turns the flywheel, which turns the 
crankshaft. This permits piston rotation, which starts the four 
strokes of th^ combustion cycle. Fuel flows and spark is 
provided by the ignition system, which is simultaneously 
being fed electricity from the battery through the ignition 
circuit. 

The engine starts and you release pressure on the ignition 
key. When you do, you break the circuit between the battery 
and starter. The solenoid retracts the starter drive pinion from 
the flywheel. If it did not do this, either or both of the two 
gears would be damaged. 

Howto Maintain Electrical Components 

UNLESS YOUR car is pretty old, the only electrical com¬ 
ponent that requires maintenance is the battery. In older cars, 
the generating motor (in the past, a direct current generator 
I was used) and the starter motor had lubrication points. That is 
I no longer true. 

I Battery maintenance involves the following; 

1. Check battery water once a week and keep water to the 
I level marks. Lack of water hastens sulphation, which leads to 

premature short circuiting. 

2. Once every six months, remove the battery from the car 
and wash it thoroughly on all sides with a mixture of baking 
soda and water. Then, hose it down with fresh water until the 

' baking soda solution is removed. 

Be careful not to let the baking soda solution inside the 
‘ battery where it will neutralize electrolyte. Cover the battery 
; caps with small strips of masking tape. Caps have tiny vent 
holes in them that allow electrolyte vapors to escape, thus 
preventing a buildup of pressure inside the battery. Washing a 
battery removes these salts and prevents self-discharge. 

What Can Go Wrong 

THE FOLLOWING are some of the more common problems 
that can strike a car's charging and starting systems and what 
to do to overcome them: 

ELECTRICAL UNITS: PROBLEMS, CAUSES, REPAIRS 

NOTE: Rated for difficulty from 1 — a problem that 
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can be handled by an inexperienced owner, to 
3 — a problem for an expert mechanic with 
special tools. 

Problem; Engine will not start 

Possible Cause Repair 1 

Dead battery Test. If no short, recharge. 

If shorted, or charge does 
not hold, replace. 

Problem: Hard starting; engine will not start 

Possible Cause Repair 1 

Loose or bad battery Tighten cables and clean 

‘'^bles off electrolyte salts to as¬ 

sure good contact. If 
cables are frayed, replace. 

Problem: Lifeless growls from engine {hard starting) 

Possible Cause Repair 2 , 3 

Bad starter solenoid Test. Replace solenoid if 

faulty. 

Bad starter motor Test. Replace or rebuild 

starter motor if faulty. 


Problem: Whine emitted 
but engine will not start 

Possible Cause 
Bad starter drive 

Problem; Hard starting: 
board shows discharge 

Possible Cause 
Damaged alternator and/ 
or regulator 


when starting is attempted. 
Repair 3 

Replace starter drive, 
ammeter needle on dash- 

Repair 3 

Test both units. Rebuild 
or replace a faulty alter¬ 
nator; replace a bad regu¬ 
lator. 
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How Components Are Kept Cool 

YOU MAY BE wondering why the tremendous heat (as much 
as 4000° F.) resulting from the combustion process does not 
burn up the engine components. The reason is simple: a most 
efficient cooling system dissipates heat rapidly. 

Most cars use a liquid medium to cool the engine: a few 
use only air. We will concentrate on the so-called water- 
cooled cooling system, because it predominates. However, 
the term "water-cooled” is a misnomer in today's cars. A 
coolant mixture consisting of ethylene glycol (an anti-freeze) 
and water is usually used. 

Ethylene glycol possesses chemicals that inhibit the forma¬ 
tion of sludge and rust. Water does not. Ethylene glycol 
protects the engine from freezing in cold weather. Water does 
not. Ethylene glycol allows you to use your air conditioner 
without having your engine overheat with the added load of air 
conditioning. Water does not. 

Water freezes at 32° F. and boils at 212° F. An ethylene 
glycol solution can be composed that will not freeze until -60° 
F. is reached and will not boil until 270° F. is reached. You 
should use nothing except ethylene glycol solution as the 
medium for cooling your car. 

The job of the'cooling system is to allow an engine to 
operate at its most efficient temperature, which is about 200° 
F. Notice the spread — 4000° F. to 200° F. You can 
appreciate the enormity of the task that the cooling system 
must accomplish. 

The cooling system consists of a radiator, water pump, 
hoses, thermostat, fan, and jackets inside the engine. Here is 
the sequence that allows your engine to shed heat: 

The radiator is the reservoir for coolant and consists of two 
tanks — one on top and one on the bottom (or one on one 
side and one on the other side). The top tank (or one side 
tank) is the inlet side. Coolant coming from the engine enters 
this tank. The bottom tank (or the one on the other side) is the 
outlet tank. Coolant leaving the radiator to the engine departs 
from this tank. 

The two tanks are connected to each other by tubes that 
allow coolant to flow from the top tank to the bottom (or from 
one side to the other). These tubes are surrounded by fin- 
shaped metal objects which, as a conglomerate, are called the 
radiator core. As hot coolant coming from the top (or side) 
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tank flows to the bottom (or the other side) tank, it is cooled 
by air that flows through the radiator core. 

Assisting in this cooling process is the fan. As it revolves, 
it permits the coolant to dissipate heat. Coolant keeps flowing 
in a complete circuit. It is drawn by the water pump from the 
radiator's bottom tank through a hose into passages (jackets) 
surrounding hot engine parts. In making its route, the coolant 
absorbs heat from these parts. It makes a complete circuit 
around the engine and re-enters the top tank of the radiator 
through another hose. Then the whole route starts all over 
again. 

The thermostat is a critical component. When the engine is 
cold, some means of heating it as quickly as possible must be 
used. An engine operates most efficiently at a particular 
temperature range — generally around 180° to 200° F. If an 
engine remained cool all the time, condensation would result 
and mix with oil to form sludge that would coat moving parts. 
Furthermore, a cold car is an uncomfortable car in winter. The 
heater will not put out heat unless the engine is warm. 

The task of getting the engine warm as fast as possible is 
given to the thermostat. When the engine is cold, the 
thermostat is closed. This blocks coolant from entering the 
top tank of the radiator. Instead, when the engine is started, 
coolant circulates continually through the engine, getting hot 
quickly as it absorbs engine heat (again, remember, com¬ 
bustion can raise the temperature to almost 4000° F.). 

As the engine warms up, the warm coolant acts on the 
thermostat to relieve spring tension on its valve. This causes 
the thermostat to open and permits coolant to flow into the 
top tank of the radiator. If the thermostat did not open, the 
coolant would get hotter and hotter, and would reach its 
boiling point. Then, the engine would overheat. 

The car's heater is integrated into the cooling system. It is 
simply a miniature radiator like the one up front. Hot coolant 
is diverted to it. Heat is drawn from the hot coolant by the 
heater motor (blower) for circulation inside the car. The 
coolant is then reintroduced into the main stream. 

Maintaining the Cooling System 

TO PREVENT the disaster of overheating, abide by the 
following maintenance schedule: 
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1. Once a month, remove the radiator cap when the engine 
is cold and check coolant level. There is a level mark on most ' 
radiators. Add coolant if necessary, but be aware of the fact 
that if much coolant is needed, or the loss of coolant from 
month-to-month seems appreciable, a leak may exist that 
should be found and fixed before it gets worse and real 
trouble ensues. 

2. Drain and flush the cooling system every year or every 
two years (as recommended by the manufacturer; see your 
owner's manual). Use chemical cleaners and flush with fresh 
water to clean out sludge and rust. Add fresh ethylene glycol 
in the proportion recommended on the container for the 
coldest anticipated temperature in your area. 

3. Check radiator hoses every year by squeezing them. 
Replace a hose that shows cracks or feels mushy. 

4. Clean debris and dead bugs from the radiator core 
periodically. 

5. Check the water pump drive belt (fan belt) every six ' 
months. If it is cracked or frayed, replace it. 

COOLING SYSTEM: PROBLEMS, CAUSES, REPAIRS 

NOTE: Rated for difficulty from easy (for a novice) — 

1 , to difficult but manageable — 2, to only 
for an experienced technician — 3 . 

Problem: Coolant leaks from pump; when appreci¬ 
able amount is lost, overheating occurs 

Possible Cause Repair 3 ! 


Water pump failure 


Replace. 


Problem; Engine overheats and alternator stops 
working (same belt generally drives both) 


Possible Cause 
Fan belt snapped 


Repair 2 
Replace. 


Problem: Coolant is lost and overheating occurs 


Possible Cause 
Radiator hose leaks 


Repair 2 
Replace. 


360 


CONSUMER GUIDE 




Automobiles 


Problem: Overheating 

Possible Cause Repair 1 

Radiator pressure cap fails Test cap. Replace if faulty, 
(cap seals and maintains 
working pressure of cool¬ 
ing system) 

Problem: Engine is slow to heat up, or overheats 
(depends on whether thermostat fails in closed 
position or in open position) 

Possible Cause Repair 3 

Thermostat failure Test. Replace if faulty. 

Problem: Engine overheats and/or radiator leaks 
coolant 


Possible Cause 

Radiator clogs or springs 

leak 


Problem: Cold air blows 
engine warm 

Possible Cause 
Dirt in heater; hoses leak¬ 
ing or clogged 


Repair 3 

Clean out radiator or re¬ 
place. Some leaks can be 
repaired. 

from heater into car with 


Repair 3 

Clean or replace heater 
core; replace hoses. 


How You Stop Your Car 

YOUR LIFE depends on your car's braking system. Two types 
of brakes prevail: drum brakes, an older design; and disc 
brakes. Your car has one of three different set-ups — 

• Drum brakes on all four wheels 

• Disc brakes on all four wheels 

• Disc brakes on the front wheels and drum brakes on the 
rear wheels. 

Furthermore, your car may be equipped with a device that 
makes braking effortless. Simply resting your foot on the 
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brake pedal activates brakes; in other systems, the driver 
must press down hard on the brake pedal. This device is the 
brake power assist unit, or, as it is more commonly called, the 
power brake. 

No matter what set-up you have in your car, the process 
starts at the brake pedal. When you step on that pedal, what 
you really are doing is sending hydraulic (fluid) pressure to the 
braking mechanisms at each wheel. This hydraulic pressure 
that you exert has a force of up to 1 000 pounds at each 
wheel. 

When you step down on the brake pedal, you send a piston 
forward in a component called the master cylinder. The 
master cylinder is the brake fluid reservoir. It is located on the 
firewall of the car — that is, in the engine compartment just in 
front of you. The brake pedal and master cylinder piston rod 
are connected by means of a brake pedal linkage. 

The master cylinder piston pushing against fluid causes 
hydraulic pressure to be exerted on the mechanical parts of 
the brake at each wheel. Before discussing what happens 
there, let's consider for a second the role of the power brake. 

If you lift the hood of your car, you can see the power 
brake — a large cylinder attached to the firewall on the left 
side of the vehicle (the left side of a car is always considered 
to be the driver's side). A large diaphragm — almost the same 
diameter as the cylinder itself — is the chief power com¬ 
ponent. 

Notice that the power brake unit is attached to the firewall 
— not the master cylinder. In cars without a power brake, the 
master cylinder is attached to the firewall. In cars with power 
brake, the power brake unit is attached to the firewall and the 
master cylinder is attached to the front (output) end of the 
power brake unit. Both sides of the power brake diaphragm 
are in equilibrium, kept stable by the maintenance of equal 
pressure on both sides of the diaphragm. When you step 
down on the brake pedal, you disrupt this equilibrium by 
opening a port to the atmosphere, allowing air pressure to 
enter the power brake unit at the rear of the diaphragm. 

At the front of the diaphragm, a vacuum is maintained. This 
is made possible by, of all things, the engine pistons 
performing their four-stroke combustion cycle. A hose ex¬ 
tends from the power brake unit to a port on the engine. This 


CONSUMER GUIDE 


363 


Automobiles ' 

hose makes it possible for the engine to "pull” air from the 
front of the diaphragm, which creates a partial vacuum. 

What exists then, when you press down on the brake pedal, 
is vacuum (low pressure) on the front side (master cylinder 
side) of the power brake diaphragm and atmospheric pressure ■ 
(high pressure) on the brake pedal side of the power brake 
diaphragm. You can see what happens — the diaphragm 
"collapses" with great force toward the master cylinder. i 

Attached to the diaphragm is a pushrod that, in turn, is i 
attached to the master cylinder piston. The powerful force you 
put into action by applying the brake pedal is ample to send the 
pushrod and piston forward with the diaphragm to apply ! 
hydraulic pressure to braking components at the wheels. 

When you release foot pressure on the brake pedal, the * 
atmospheric port is closed and spring pressure returns the 
power brake diaphragm to its "equal" standing. 

Now, at the wheels — if braking components comprise a ‘ 
drum brake set-up, here is what happens when hydraulic t 
pressure puts them into action: 

1. Fluid pressure is exerted on two pistons inside a 
component called a wheel cylinder. A wheel cylinder is a small ' 
metal component that has symmetry — two of everything in 
equal balance. At the ends of the wheel cylinder are ^ 
pushrods. The two wheel cylinder pistons exert outward 
force on the two wheel cylinder pushrods, causing them to 
push out against the brake shoes. 

2. Brake shoes provide the stopping force. A brake shoe is i 

attached to each side of the brake backing plate (the brake .• 
backing plate holds all stationary brake components). Brake j 
shoes have bonded or riveted to them an asbestos friction ’l 
material referred to as a lining. When the wheel cylinder push- j 
rods apply equal outward pressure to both brake shoes, the i 
shoes expand with equal force pressing linings against the • 
revolving brake drum. ' 

3. The brake drum is a separate braking component. It is a ' 
large hardened metal cylinder to which the wheel and tire are 
attached. The drum, wheel and tire revolve together when the 
car is in motion. But when intense frictional pressure is 
placed on the brake drum by the brake linings, the drum, and 
hence the wheel and tire, are brought to a halt. 

4. When you take your foot off the brake pedal, you relieve ' 
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Caliper 



Brake Assembly 


Steering Assembly 


Disc 


Steering Knuckle 


Frai 



— Pitman 


Steering Column 
and gear 


(9) Disc brakes consist of a disc and a caliper assembly. 

The caliper assembly contains pads, cylinder and pistion. 

the hydraulic pressure on wheel cylinder pistons and, 
therefore, on wheel cylinder pushrods. Heavy springs at¬ 
tached to the brake shoes, called return springs, pull shoes 
away from the brake drum. 

Disc brake components work in quite a different fashion. 
There is no brake drum encasing stationary components. 
Quite the contrary — the stationary braking components 
encase the revolving braking unit. 

The revolving braking unit in a disc brake set-up is called 
the disc or rotor. The disc, wheel and tire are all connected so 
they revolve in tandem when the car is driven. 

Now, positioned over the disc is a fairly large assembly 
called a caliper. The caliper contains two shoes — an 
outboard brake shoe and an inboard brake shoe. As their 
names suggest, the outboard shoe is positioned on the 
outside of the disc; the inboard shoe is positioned on the 
inside of the disc. The shoes literally have the disc in a 
"'squeeze.'' 

Each shoe has asbestos brake linings bonded or riveted to it 
but, with a disc brake setup, the linings are often referred to 
as pads. 
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Now, step on the brake pedal and exert hydraulic pressure. 
When you do, the pressure activates a large piston that 
presses against the inboard shoe, sending that shoe into 
contact with the revolving disc. At the same time, fluid 
pressure forces the caliper to move laterally, forcing the 
outboard shoe against the disc. The disc is sandwiched in a 
vice-type grip between the two shoes and is brought to a halt. 

When hydraulic pressure is released, parts return to their 
original position. 

BRAKE SYSTEM: PROBLEMS, CAUSES, REPAIRS 

YOUR CAR'S braking system requires practically no mainte¬ 
nance. The only thing you should do is check the fluid level in 
the master cylinder every so often. The fluid should be no 
lower than Vi inch from the top of the cylinder. 

If fluid is needed, add no other type than that recommended , 
for your car by the manufacturer (see your owner's manual). ' 
Important: If a fluid refill is needed often, it is possible 
that fluid is leaking. Examine each fluid-carrying component ' 
for leaks. 

To be 100 percent brake-safe, it is wise to remove wheels I 
from the car every 12,000 miles and make a visual 
examination of brake assemblies for wear and damage. ] 
Replace parts that are worn or damaged. | 

The following chart will allow you to make a diagnosis of a 
brake problem should it occur (repairs are rated for difficulty 
from 1 for the easiest to 3 for the most technical). 

BRAKE SYSTEM: PROBLEMS, CAUSES, REPAIRS 

Problem: Excessive pedal pressure needed to stop 
(hard pedal); low pedal; spongy pedal; pedal falls 
away under foot pressure (fading pedal) 

Possible Cause Repair 3 

Master cylinder leaking Overhaul master cylinder i 

if possible; replace if not. 

Problem: Spongy pedal; hard pedal; fading pedal; 
grabbing or pulling when brakes are applied 
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Repair 3 

Replace damaged brake 
line. 

Problem: Hard pedal; fading pedal; grabbing or 
pulling 

Possible Cause Repair 2 

Faulty wheel cylinder or Repair cylinder if possible; 

disc brake cylinder replace if not. 

Problem: Low pedal; hard pedal; grabbing or pulling; 
noise on brake pedal application (squeak, click, 
scrape); brakes chatter or shutter on application 

Possible Cause Repair 3 

Worn or contaminated Replace bad linings or 

brake linings or pads pads. 

Problem; Low pedal; spongy pedal; fading pedal; 
grabbing or pulling; noise; chatter or shudder 

Possible Cause Repair 3 

Worn or damaged brake Repair if possible, replace 

drum or disc if not. 

Problem: Extremely hard brake pedal 

Possible Cause Repair 3 

Power brake failure Check for damaged parts 

(vacuum line and check 
valve); overhaul or replace 
unit. 

The Steering and Suspension Systems 

THE STEERING SYSTEM consists of the steering wheel, 
steering column, steering gear, steering linkage and steering 
knuckle assembly. A power unit that makes steering easy to 
perform also may be included. The job of the steering system 
is to transfer your directional orders to the car's wheels. 
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The job of the suspension system is to support the weight 
of the car and provide comfort to its passengers. The 
suspension, front and rear, consists of shock absorbers, 
springs and control arms. Wheels and tires also may be 
considered part of the suspension. 

When you turn the steering wheel, movement is transferred 
through the steering column to the steering gear. The steering 
gear is a complex arrangement of gears or ball bearings that 
transfer motion to one side or the other, depending on where 
you want to go. 

Motion is transferred to steering linkage parts on that side. 
The purpose of steering linkage parts is merely to continue 
the transfer of motion. They pass it to the steering knuckle 
assembly. One part of this assembly is the wheel spindle to 
which the wheel and tire assembly is bolted. Thus, motion is 
transferred to the wheel, and the car moves. 

If the car includes power steering, hydraulic force is used to 
help parts of the steering gear transfer motion. This takes that 
part of the job off your shoulders. 

There is nothing particularly complex about the workings of 
the suspension system. Shock absorbers are cylinders that 
are filled with hydraulic fluid, or air, that absorbs road shocks. 
Springs are also provided to help ease the bumps and 
stabilize the vehicle. Two control arms — upper and lower — 
support shock absorbers and springs. Wheels contain bear¬ 
ings on which they (and tires) revolve. 

STEERING SYSTEM: PROBLEMS, CAUSES, REPAIR 

THE MOST IMPORTANT maintenance function to perform for 
both the steering and suspension systems is lubrication of key 
parts as often as the car manufacturer recommends. Lubrica¬ 
tion keeps parts in good working order and prevents them 
from wearing out prematurely. These parts include steering 
linkage pivot points, ball joints (part of the steering knuckle 
assembly which pass steering motion to the steering knuckle 
and to the wheel spindle) and wheel bearings. 

Other maintenance procedures involve checking and filling 
the steering gear with fluid, if necessary, and doing the same 
thing for a power steering unit. A key maintenance function is 
to keep tires properly inflated. Tire pressure should be 
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checked weekly, and air added or reduced to bring pressure 
into line with car manufacturer recommendations. Incorrect air 
pressure causes rapid tire wear. 

Problems and repairs follow, rated for difficulty from 1 for 
the easiest to 3 for the most complex. 


STEERING SYSTEM: PROBLEMS, CAUSES, REPAIRS 

Problem: Vibration in steering wheel 

Possible Cause Repair 3 

Worn or damaged steer- Replace bad part, 
ing linkage part 


Problem: Vibration in steering wheel; steering not 
stable: car weaves over road 

Possible Cause Repair 3 

Damaged or worn ball Replace bad ball joint. 

joint 

Problem: Bumpy ride; body sways on turns; front 
end dips when braking; clunking noise when hitting 
bump 

Possible Cause Repair 2 

Worn or damaged shock Replace bad shocks. 

absorber 

Problem: Noise (usually clicking) as wheels revolve; 
hubs hot to touch after drive 

Possible Cause Repair 3 

Wheel bearings damaged Disassemble, lubricate 

or not adjusted properly and adjust to specification 

if not damaged; replace if 
damaged. 
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Problem: Tire thump on drive; vibration 


Possible Cause 
Wheel balance faulty 
(wheels, tires and brakes 
have to be balanced with 
each other so no "heavy” 
spot exists to throw as¬ 
sembly out of balance) 


Repair 3 

Have wheel assemblies 
balanced whenever tires 
are put back on wheels or 
if wheels are switched 
around. 


Problem: Vibration; car pulls to one side on level 
road when you take your hands off steering wheel; 
car weaves; premature tire wear 

Repair 3 

Have wheels aligned (once 
every 15,000 miles is 
considered necessary). 


Possible Cause 

Wheel alignment out of 

whack 
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F or something that is such an important part of 
our everyday lives, it is surprising how little-under¬ 
stood the plumbing system is. Perhaps this is 
because much of it simply can't be seen; like veins 
and arteries in the body, the pipes hide in the house structure. 
Or, perhaps it is because, in many peoples' minds, it falls 
under the forbidding category of "mechanical things" — 
something not unlike brain surgery in complexity. Whatever 
the reason, you could retire — handsomely — just collecting a 
penny from everyone in America who doesn't know what 
happens when he or she turns a faucet on. 

Actually, house plumbing is simple. It consists, basically, of 
two systems. One supplies fresh water, hot and cold, where 
needed; the other drains waste and used water away. 

Fresh Water System 

ALL WATER enters the house through a main pipe at the 
water meter, where it is duly recorded. From there a network 
of thin pipes, like branches of a tree, carries the cold water to 
various fixtures — tubs, sinks, toilets, and showers. Appli¬ 
ances — dishwasher, washing machine, garbage disposer — 
are also tied into the network. This water is always under 
pressure. 

Another network of thin pipes carries hot water from the 
meter to the fixtures that use it. This water is hot because it is 
fed first, by a pipe, through the hot water heater. Usually, 
both networks of pipes — cold and hot — travel parallel to 
each other through the house. 
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At certain points in the system there are little wheels called 
shutoff valves. These work like faucets — they let you turn 
the water on and off in a particular section of pipe and/or 
fixtures. These valves are handy for repairs. Turn off a valve 
and you can repair a pipe section or a fixture, without the 
water shooting out like Old Faithful Geyser. If you wish, you 
can shut down all the water in the house — hot and cold — by 
turning off either of the two valves at the water meter. 

Drainage System 

THE OTHER SYSTEM, the drainage one, is technically known 
as the Drain-Waste-Vent system, also known as the DWV 
system. As you might expect, its job is to drain off used water 
and waste and to get rid of gases that would otherwise 
accumulate in drain pipes. 

The drainage system is like the fresh water system in the 
sense that it is composed of a network of pipes. Unlike the 
fresh water one, however, those pipes are large (from 1-inch 
to 4-inches as opposed to 3/8 inch to 1-inch) in inside 
diameter. And the system operates by gravity, rather than 
pressure: all the pipes are slightly pitched so the waste runs 
out under its own power. 

There is a drain or waste pipe for every fixture in the house. 
These pipes lead to other pipes, and all ultimately lead to the 
main house sewer line, which in turn leads to the septic 
system, cesspool or city sewer line (pipes by the way, get 
larger as they near the sewer line). All the drain pipes in the 
house also are connected to vent pipes, which usually lead to 
one or two vent stacks; gases travel through the various 
pipes and up and out the stacks, which protrude through the 
roof. 

Also, to prevent these gases from backing up and out of the 
fixtures into the rooms of the house, each drain pipe has a 
bent section, either S or U shaped, which is kept filled with 
water. These water-filled bends seal off the pipes, thus 
keeping the gases out. Not surprisingly, these bent sections 
are called traps. 

Every DWV system also has cleanout plugs located at 
various points. These can be opened by a plumber for clearing 
a blockage, no matter where it may be. 

That, basically, is the plumbing system; one system to get 
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the water distributed throughout the house, one system to 
carry waste away. Some rainy afternoon, try to trace it. Start 
at your water meter and work your way through your house 
(Tip: Hot water pipes will feel warm). You'll find it fun, and 
the next time something goes wrong you won't feel so 
helpless. 

Simple Repairs 

THE TWO parts of a plumbing system that give the most 
trouble are the sink and toilet. Pipes, to a lesser degree, can 
also develop maladies that need correcting. But most of the 

things that go wrong can be simply corrected. Let's take a 
look. 

Leaking Faucet 

THERE ARE various types of faucets, and they look different, 
but all work basically the same way. 

On, each there is a handle, attached to a shaft, or spindle, 
which is inside the faucet body — the visible part on the sink. 
This shaft, threaded at its very end, sits in a hole, or seat, in 
the body. It is from this hole that the water (remember, it's 
under pressure) is constantly trying to get out. The shaft end 
holds the water back; however, when you turn the faucet on, 
the shaft screws up and out of the hole, and the water rushes 
up, then out the faucet spout. 

Now if the shaft were just plain metal, it could not seal off 
that hole very well. But on the end there is a washer — a fiber 
or rubber device shaped like a small black donut — held on by 
a small screw. This washer presses against the edges of the ' 
hole like a cork. It prevents that constantly-pushing water 
from sneaking out past the edges of the shaft — in other ' 
words, it prevents a drip. ' 

With time, though, washers wear out, or get chewed up 
from repeated contact with the seat, and they no longer seal ' 
the hole wall. A little water gets by — and then you do have 
an annoying drip. 

When this happens, the impulse is to turn the faucet handle 
tighter in its "off" direction. And this will likely stop the 
problem because the washer will be forced tighter against the ‘ 
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hole. But, inevitably, a few days or weeks later the washer 
will be so damaged that it simply will not be able to seal the 
hole properly anymore. 

The answer, of course, is to install a new washer. 

To do this, first turn off the water. Remember the valve we 
mentioned? All you have to do is find the one controlling the 
flow to the dripping faucet. 

Usually, this valve — and another for the other faucet — 
will be right below the sink. If there are a number of valves 
there, and you are not sure which to turn off — turn them all 
off. No harm done. 

If the valve is not below the sink, check the wall nearby. 
None there? Check the basement. See if you can locate the 
pipes leading up to the sink, then simply turn off the 
appropriate valve. If all else fails, turn off either main valve at 
the water meter. Of course this will shut down the hot and 
cold water supply to the entire house, but the repair does not 
take long, so there will be no great inconvenience. 

Next, take apart the faucet. How you do this depends 
somewhat on the type you have, but all are basically the 
same. Unscrew or turn those parts that look like they can be 
unscrewed or turned and the faucet comes apart. It really isn't 
complicated at all. 

One common type of faucet has the shaft, or spindle, held 
to the body by a large, shiny nut (called the bonnet or cap nut) 
on the outside. To disassemble this type, first wrap the nut 
with tape or bandaids to protect its finish, then loosen it with 
a wrench whose jaws open at least one inch. Then, turn the 
handle as if you were turning it on and the shaft unscrews up 
and out. There, on the end of it, you will see the washer held 
on by a tiny screw. 

Unscrew the screw and replace the washer with one the 
same size. (You can buy a single washer, but most people buy 
a packaged assortment of washers in various sizes.) While 
you're at it, replace the little screw; make sure it is brass 
(other metals don't stand up well to water). 

In another type of faucet, the big nut is not visible. The 
handle covers the shaft. To disassemble this, first use a 
Phillips screwdriver (made to fit into screws with crisscross 
slots rather than one straight slot) to take out the screw 
holding the handle on. Lift the handle off. If it balks, just tap 
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upward on the bottom with a screwdriver handle, then lift off. 

With the handle off, you will see the big nut. Using a 
wrench (or pliers, in a pinch) loosen this nut. Then replace the 
handle on the shaft and turn as if you were turning the faucet 
ON. The shaft will come up and out; on the end, of course, 
will be the washer. Replace with one of the same size. 

Sonie faucets look like they can't be taken apart: there 
doesn't seem to be anything to turn. But there is. With a 
screwdriver, ora fingernail, whichever works, pry up the little : 
disc on the top of the handle. When you do you'll see a ■ 
screw. Just take this out, pry off the handle — and there will ' 
be the big nut, ready for turning. 

Sometimes, things don't go smoothly when you work on a 
faucet. For example, the screw holding the washer on, or the ' 
big nut holding the shaft, may not yield to the urgings of your 
screwdriver or wrench. The answer in both cases is penetrating - 
oil. This is available in small cans at hardware stores. Just 
squirt a little of the oil near the threads of the stubborn part, - 
and give it five minutes to seep down around the threads and 
break up the rust and corrosion causing the obstruction. Then ’ 
turn, if this doesn't work, try a little more oil. ; 

Another problem: In trying to remove a stubborn washer \ 
screw you may break off the head. If this happens, use a nail 
file or screwdriver and pry out the washer. Apply penetrating i 
oil to the screw, wait five minutes, then get a grip on the ’ 
screw shank with a pair of pliers and turn it out. | 

One other problem: When reassembling the faucet, the big 
nut occasionally will not seem to go on straight. The answer l 
here is to work slowly and carefully. Don't force. Just place ’ 
the nut in position and fiddle with it until it turns easily. < 

If a new washer does not stop the leak, the problem is likely ; 
with the faucet seat — the hole through which the water 
flows. It is probably worn or chewed up; the effect is that the 5 
washer cannot make a tight seal against it. You can buy a 1 
faucet-seat reaming kit for about one dollar at hardware J 
stores. Instructions are on the package. Inside you will find a “ 
small toothed tool that lets you grind the seat smooth again. 

If even this does not help, the seat is probably damaged 
beyond repair. Depending on the faucet type you have, 
sometimes you can unscrew the seat itself (all it takes is ari 
inexpensive little Allen wrench) and replace it. Ask your 
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hardware store dealer about it. 

Dribbling Faucet 

THIS IS nowhere as common as a leaking faucet, but it 
sometimes occurs when the faucet has the large nut on the 
outside. Water dribbles out around the top of the nut. 

First, try tightening the nut (don't forget to wrap tape 
around it first). If this does not work, the problem is the 
packing: the graphite-impregnated string under the nut that 
prevents water from escaping is worn out. 

Turn off the water valve and disassemble the faucet. You'll 
spot the packing immediately. Discard it, and replace with 
fresh packing. Just wrap it around the shaft three or four 
times, snip off the excess, and push the packing up under the 
nut. Then reassemble. (You can use regular packing — string 
— for this, but a better choice is soft black plastic that looks 
like string but can be molded easily with the fingers and is 
easier to manage. Packing costs less than twenty-five cents at 
hardware stores.) Turn on the water; if the faucet still leaks, 
take it apart again and add some more packing. 

Some faucets do not have packing, but use a big rubber 
washer called an 0 ring. If you find one of these, take it to 
your hardware dealer and get one just like it. 

Stopped-up Sink 

KITCHEN, bathroom and other sinks in the home are basically 
the same. Unfortunately, they all are subject to the same 
problem: getting stopped up. To clear a sink, you try a number 
of things. One method or another should get the water flowing 
again. 

First, feel around the drain strainer (take care if it is a 
kitchen sink; sharp utensils may be in it) to see if anything is 
blocking the drain. Soap, lint, hair, food particles or the like 
can quickly accumulate. Pick out the obstruction with your 
fingers. If the water goes down, pick out anything else you 
can see; a pair of tweezers is sometimes helpful. 

If the problem is not caused by a clogged drain, go to the 
next thing, the plunger. A plunger, also known as a "plumb¬ 
er's friend" and technically known as a force cup, consists of 
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a bell-shaped rubber cup with a handle that looks like a 
sawed-down broomstick. In use, it gets the water in the drain 
pipe to rock back and forth, which may push the blockage ouf 
it also creates suction that may pull it free. 

Get a good plunger, 6-inches in diameter (the cost is about 
$3 — it does not pay to buy a low-quality tool) with a bulb 
on the end. (It also can be used on a toilet, when necessary ) 
The bulb can be snapped inside the cup, out of use, when 
using the plunger on the sink; when snapped out for use, the 
bulb fits snugly in the hole in the bottom of the toilet bowl. 

Before using the plunger, make sure the sink has at least 
six inches of water in it. Place the cup squarely over the drain 
and press down, compressing it. Lift up about half an inch, 
then press down again. Continue in this way, up and down, in 
a steady rhythm. Every thirty seconds or so, jerk up extra hard 
and check to see if the water is draining. If it is, continue 
plunging until all the water is gone. As a test to see if the 
pipe is clear, run the water full blast. It should go down the 
drain quickly. 

By the way, if you are plunging a sink with an overflow 
drain, or one that has a companion sink, the overflow or other 
sink drain must be stoppered with a soaking wet rag (you'll 
need a helper). Otherwise the pressure and suction the 
plunging creates will be somewhat dissipated. 

If five minutes of plunging does not clear the sink, stop. No 
amount of plunging is going to clear it, so you try the next 
thing, which is clearing the trap. 

You II remember that a trap is a bent section in the pipe that 
traps water and serves as a seal against waste pipe gases 
backing up into the house. A sink trap also, unfortunately, is a > 
perfect place for forks, knives, bottlecaps and a variety of ) 
other items to get trapped when they fall down the drain; they ' 
eventually can block water flow. ’ ;. 

There are two common types of traps. One has a plug on * 
the very bottom. Place a large pail under the trap and loosen 
this plug with a wrench; then unscrew with your fingers. The ' 
water in the trap and sink — plus the blockage — will run into i 
the pail. If just a trickle of water comes out it means the pipe j 

the trap must come off. To do this, after placing your 1 
pail beneath the trap, loosen the nuts at the top of each leg of 
the U, then lift them upwards. Gently rock the trap back and , 
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forth until it comes off. Some nuts, by the way, are friction fit; 
just sliding them upwards with your fingers frees them — no 
wrench is necessary. Probe inside the trap with a piece of 
hanger wire. 

When the trap is clear, resecure it. Make sure you get the 
pipe section, and the nuts that hold it on, straight. Take your 
time, and take care. If the nuts or trap do not go on straight, 
the trap can leak. 

Finally, run the hot water for five minutes or so. This will 
help clear out any grease collected at the point in the trap 
where the blockage was. 

If you find no blockage in the trap, then the obstruction is 
beyond the trap — somewhere in a drain pipe (which, you may 
remember, will ultimately connect to the main line that goes 
to the sewer or septic system). 

Hopefully, the blockage is close enough to the sink so you 
can reach it with a "snake." This is a flexible wire cable with 
a point on one end and a crank handle on the other. Such a tool 
commonly is available at hardware stores. Get one that is 
eight or ten feet long and is of good quality (it will cost about 
$2, but, again, poor-quality tools will cause more problems 
than they will solve). 

Take the trap plug off, or the trap itself, and feed the end of 
the snake into the pipe that disappears into the wall. When it 
is firmly in place, slide the crank handle within a couple of 
feet of the opening, and lock it in place by turning the little 
setscrew on it. Then, while pushing the snake into the pipe, 
turn the crank handle. 

If the snake becomes jammed, it could mean that you've 
located the blockage; it could also mean that the snake is 
ensnarled in the pipe. Push and turn until it goes through. Or, 
if it feels like you've hooked onto something, pull it out. 

Repeat the procedure until the entire length of the snake is 
in the pipe. If you have not located the blockage by then, it 
means that either the blockage is located too far down the 
pipe for the snake to reach it; or, if you could only get part of 
the snake in, it means that the blockage is wedged in too 
tightly. In either case, it also means that it is a job for a 
plumber who will come in with his electric, 25-foot long 
snake to clear it. If he can't do it through the pipe under the 
sink, he may open one of those cleanout plugs mentioned 
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earlier and attack it with his snake from there. 

Toilet Problems 

THIS FIXTURE is by far the least understood one in the 
house. Like the plumbing system itself, though, it is not really 
complicated. 

Most of the troubles with a toilet come about because 
something malfunctions in the water closet, the squarish 
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porcelain box that holds water and the toilet works. Before 
going into the repair of some common ills, it is necessary to 
describe how the closet — the toilet — works. Let's take a 
look. 

Referring to the sketch, here's what happens when you 
flush the toilet. 

You press on the handle (1), which is connected by a metal 
bar to a rod (2) or two wires (or chain) which in turn are 
connected to the flush ball (3). The ball sits in a hole in the 
bottom of the tank. The rod (or chain or wires) lifts the ball out 
of the hole, and the water in the tank rushes out into the bowl 
flushing the waste away. 

The tank fills up again automatically because as the water 
goes down the float (4) also does down. The rod on the float 
is connected to the water inlet valve (5) and, moving down, 
opens the valve, letting new water rush into the tank. At the 
same time the flush ball, which has been held out of the hole 
by the water rushing out the hole beneath it, plops back into 
the hole as soon as there is no more water to hold it out. This 
seals the hole, of course, so the new water gradually fills up 
the tank. 

As this happens, the float — and the rod it is on — rises 
until the rod end gradually closes off the water inlet valve, 
stopping water flow. Also, as the tank is filling, a little tube, 
called refill tube (6) shoots a small jet of water into the 
overflow tube (7) which leads to the bowl and fills it. 

On paper the procedure sounds more complicated than it is. 
Just flush the tank a few times, observing what goes on, and 
you'll understand it with no trouble at all. 

Now let's take a look at the problems that commonly occur 
and how to solve them. 

Water Keeps Running Into Bowl 

IF THIS occurs, take off the tank lid (be careful, by the way; it 
chips — and breaks — easily) and look into the tank. You will 
see that the tank is not filling up all the way. 

The problem here is with the flush ball. For some reason or 
other, it is not doing its job of sealing the hole, so the water 
just keeps running out. 

It may be that the chain, or lift wires, or rod that the ball is 
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attached to are entangled in some way, so the ball can't reach 
the hole. If so, you'll see this. Just disentangle the parts so 
the ball can reach the hole. 

It may be that the hole in which the ball sits is clogged with 
dirt or scale. Even though the ball looks like it's sitting in it 
watertight, it isn't. The answer here is to rub the hole edge 
clean with fine-grade steel wool. To do this, you have to drain , 
the tank and turn off the water. So, just flush the tank and turn ' 
off the tank shut off valve — this is usually under the tank on • 
the toilet side. Another way: Lift up the float rod and tie it to ^ 
something above it, such as a medicine chest doorknob. This 
shuts off the water inlet valve. ' 

Another reason the flush ball may not be sealing is that it is 
slightly misaligned with the hole. On many toilets there is a ' 
guide arm (8) that is supposed to keep the rod or lift wires | 
properly aligned. But the guide itself may be misaligned. To 
correct, loosen the guide by loosening the little screw 
holding it to the overflow tube, and fiddle with the guide until 
the ball drops squarely into the hole. 

One other cause of a leaking tank may be that the flush ball 
itself is bad — misshapen or damaged in some way. If all else 
fails, replace it. Just unscrew it from the rod or wire it's on, or j 
unhook it from the chain, and get a new one like it at a i 
hardware or plumbing supply store. If, by the way, the rod or | 
wire holding it was bent, get a new one of these, also. i 

Another toilet tank problem is that the tank fills up, but the « 
water continues to run until it flows out the overflow tube. 1 
When this occurs you'll not only be able to see it, but you'll j 
hear it — it makes a hissing noise. The culprit is either the ; 
water inlet valve, the float, or the rod it is on. ’ 

First, lift up the rod. If the water flow stops, it means that 
the water inlet valve is not defective, leaving the rod or float 
as the problem. 

As before, flush the tank and turn off the water. With your 
hand, unscrew the float. Shake it next to your ear: is there 
water in it? If so, get a new one at your hardware store and 
simply screw it in place. 

If the float is okay, the rod is the problem. Turn the water 
on and flush the tank, filling it. Then, grasp the rod with both 
hands at the middle and bend so the float is lowered. Flush 
the toilet again and observe where the water stops; ideally, it 
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should stop about an inch from the top of the overflow tube. If 
not, bend the rod down some more. The idea is to get it riding 
lower, so the rising water will press up against it sooner — 
and turn off the water. 

! If you found that the water inlet was at fault, it is probably 
I just a washer in the valve that is worn. An examination of the 
I valve will show you how to disassemble it to get at the 
j washer. Or, you can replace the entire assembly, called a 
I ballcock. Hardware stores sell kits containing all the parts you 
I need, complete with instructions on how to do the job. Cost is 
about $6, a lot easier on the budget than a plumber. 

Stopped-up Toilet 

WHEN THIS OCCURS, the inclination of many people is to 
run for some towels. The necessity of mopping up a floor 
covered with water, however, can be avoided simply by 
turning off the water. As previously mentioned, just turn off 
the valve under the toilet tank, or lift up the float rod and tie it 
in that position. This done, you can work on the toilet in 
peace. 

Toilet bowls have built-in traps, and this is where the 
blockages — anything from a diaper to a child's toy — usually 
occur. 

The first thing is to clear the bowl with the plunger. If you 
have the kind with the rubber bulb part that snaps out, so 
much the better. 

Before plunging, ladle some water out of the bowl. You 
don't want it spilling all over the place as you start to plunge. 
But leave enough water in the bowl so the plunger is covered 
at all times while plunging. 

Fit the bulb part of the plunger into the bowl hole. Press 
down, compressing the rubber, then lift up a half inch or so. 
Press down again, lift up, and so on, every now and then 
jerking up hard. Check to see if the water is going down. 

If the water level does seem to be lower, flush the toilet 
and watch the water. Does it appear normal? It does? Then 
give it the acid test; Wad up a fairly large ball of toilet paper 
and try to flush this down. If you can, the problem is solved. 

If plunging does not solve the problem, the last try to clear 
the toilet is with a closet (after "water closet") auger. This 
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functions like a sink "snake,” but is specially designed to 
clear a toilet. It consists of a flexible cable with a pointed end 
and a crank handle. There is also a slightly bent bar that rides 
along the cable. As with a snake, get a good auger. One that 
costs $3 to $4 and is six feet long should work fine. 

To use the auger, pull the cable all the way back until the 
pointed end is at the end of the tube. Stick the pointed end 
into the bowl hole as far as you can. It's then you'll see the 
purpose of the bar: it aims the pointed end upwards, and 
holds the cable in position so that, once you start pushing the 
cable in, it will clear a hump inside the bowl and reach the 
trap. 

Start pushing the cable in. If it feels like you've contacted 
the blockage, turn the crank handle. This will turn the pointed 
end, which will, hopefully, hook onto the item so you can pull 
it out. 

Keep pushing the cable in, occasionally turning. Some¬ 
times, when the blockage is a bar of soap, for example, you 
may drive right through it and break it up. 

If you get the cable all the way in, and the blockage is still 
not removed or broken up, there is one other do-it-yourself 
solution available. It may be that a fork or toothbrush or other 
such item is causing the blockage and the auger cable is not 
able to hook onto it, missing it when it pushes through the 
trap. Stick your arm in a large plastic bag (such as a leaf bag) 
and reach down into the toilet, then upwards into the hole; 
you may be able to grab the item and pull it out. 

If these techniques don't work, you could try to get the 
blockage out by taking off the toilet bowl and turning it upside 
down and then knocking the blockage out. While this is not as 
difficult as it may sound (you just unscrew the bolts that hold 
the toilet to the floor and then detach it from the tank), it may 
turn out that the blockage is deeper in the drain line and you 
will have removed the bowl for nothing. Call an expert. 

Leaky Pipes 

IT IS understandable that water pipes occasionally spring a 
leak. For years, they conduct water under pressure, and are 
subject to attack by various chemicals in the water. If they are 
especially old they are especially susceptible. 
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A large leak — a burst pipe — is a job for a plumber. This 
involves taking out the bad pipe and replacing it with a new 
one. Your involvement should be only to turn off the valve 
that controls the water supply to that particular pipe; or, if you 
don't know which one that is, turn off the main valve. (In your 
leisure, and perhaps with the help of someone who is familiar 
with plumbing, label all the pipe valves as to the pipes, 
fixtures and appliances they control.) 

Leaks of the pinhole variety — far more common than big 
ones — are well within the skill of the novice handyman or 
woman. 

There are two ways to make the repair. The first is with a 
pipe repair clamp. These are available at hardware stores and 
plumbing supply houses in various sizes from 1/2 to 2 
inches. To get the size needed for the pipe, wrap a piece of 
cellophane tape around the pipe to get its circumference. 
Bring the tape down to the dealer and let him figure out the 
diameter clamp you need. 

The clamp is simple to use. It comes with a rubber, bicycle- 
type patch. After turning off the water, place the patch over 
the hole, then slip the two halves of the clamp on the pipe 
and tighten the halves together with the bolts provided. This 
squeezes the rubber tightly against the leak and stops it. 
While some people regard this as temporary — and technical¬ 
ly it is — it will plug the pipe for a long, long time. 

The pipe clamp is a good tool when, for some reason 
(probably because you can't find it), you are notable to turn off 
the valve controlling water flow to the leaking pipe and must 
turn off the main valve, shutting down the entire house. When 
that happens, you want a quick, easy repair so that you can 
get your water turned on again as soon as possible, and 
tightening a pipe clamp takes only about five minutes. 

When you do locate the individual valve to turn it off, or 
when the leak is around a pipe joint where the clamp will not 
fit, make the repair with epoxy compound. Many different 
brands are available at hardware stores. 

First (after turning off the water) clean the hole area with 
steel wool. Then, plug the hole with wax or a small piece of 
cellophane tape — use as little material as possible. Finally, 
following label directions, smear on the epoxy. That's it, 
except that epoxy takes hours to dry — the main reason it is 
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not good when you have to shut down all the water in the 
house. 

Epoxy, by the way, can be used to repair leaks in drain 
pipes. 

Noisy Plumbing 

IN OPERATION, a plumbing system should be quiet. When it 
makes noise, it means that something is wrong. It's a good 
idea to get it taken care of right away. Noise means vibration, 
and vibration is the worst enemy of things mechanical. 

If you turn on the hot water and the pipes hammer or 
shudder, it means there is steam in them — the hot water is 
simply too hot. Turn down the thermostat on your water 
heater to about 140° and the hammering should stop. 

If you turn off a faucet — either cold or hot — and the pipes 
hammer, this is a symptom of a malady called "water 
hammer." This is caused by the water (which moves at a high 
rate of speed) coming to a sudden stop. In modern plumbing 
systems there are usually two- or three-foot pipe extensions, 
or spurs, called air chambers, which act as cushions to absorb 
the water's momentum. A plumber can install them fairly 
easily; or, he may use special shock-absorbing fittings. If you 
have air chambers and the water still hammers, it's likely that 
the chambers are filled and need to be drained. A temporary 
solution to water hammer is to close the faucets more slowly. 

Another brand of pipe noise, also normally heard when the 
faucets are turned on, is the pipes themselves banging. This 
happens when pipes are not securely held in place at some 
point in the system. Pipes need to be solidly anchored, at 
frequent intervals, with hangers or wood blocks, especially 
wherever they change direction. If pipes sag, water running 
through them will make them vibrate. A plumber will have to 
solve this problem if you cannot locate the exact spot where 
the sagging occurs. 

If the pipes make a whistling or humming sound, they may 
be too small or clogged with scale. The cure here is 
replacement, but you can reduce the sound by installing pipe 
insulation, available at plumbing supply stores. All you need 
do with this material is wrap it around the pipes. 

You'll also get a chattering noise if a washer on a faucet is 
loose. The cure is to replace or tighten the washer. 
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